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Annex | ChemG (Bundesanzeiger No. 42a of March 2, 1983 and Pundesgesetzblatt, Part T of

July 29, 1994), except that this report has not been audited by Quality Assurance.

) S W

% /'/ / // ,// —
/1/,,;}/1// ‘ /K/ Date:&}é///_/__/y?é’
PU'Dr. J. Pauluhn DA.B.T 7
Bodra Apgroved Toxicologist (DGPT)
Study Director




BAYER AG T3060304
DEPARTMENT OF TOXICOLOGY 1.6-HEXAMETHYLENE DIISOCYANATE

1. TABLE O CONTENTS

GOOD LABORATORY PRACUICE STATEMENT
TABLE OF CONTEIRTS iioioicnsssomsmusvnsossisnioinssasonsssssssssisssscssssasonsssssssorssansots R P i O g 4
. QUALITY ASSURANCE STATEMENT
. SIGNATURES
. SUMMARY
AMTRODUECTION co st e e S B R I R O T T T T ver il

o RESPOMSIBILITIES iisnnsaninmmsnissivismssismnmsessig = T 12

. MATERIALS AN METHODS

e TEST S VRS T AN E sttt s s e 0 G A e e S A A e e S R ey 13
7.2. TEST SYSTEM AND ANIMAL MAINTENANCE ... ..o R T S e R D S 15
7.3. TEST GUIDELINES
7.4. STUDY DESIGN
7.5. EXPOSURE CONDITIONS
7.6. GENERATION OF ATMOSPHERE AND EXPOSURE TECHNIQUE
7.6.1. Generation of HDI/TDI-Atmospheres
’62 Generation of Acetylcholine Aerosc! -Atmosphieres.......
7.6.2. Generation of Corjugate 4erosol -Atmospneres...........
7. INHALATION CHAMBER TEMPERATURE AND HUMIDITY ...
78 ANALYSIS OF THE. REST ATMOSPRERE 5o o coisiveis s i iy v s e s e e s e e A e s S s e
7.8 1. Analvsis of HDI/TDI Test Atmospheres..............
7.8.2. Analysis of Acetylcholine chloride Test AMOSDRETeS..............cc.ccoiviiiiiiiiiiiiiiiiiiicee
7:8.3. Analysis:of Conjugaie Test AlmOSDREEES. ;. .xiwsreinvess vuessissins vy i i drsss s s o FoRsm s o oo S5 375 5753
7.9. STABILITY OF TEST ATMOSPHERE
7.10. TEST ATMOSPHERE PARTICLE CHARACTERIZATION........covvnnnne,
7.10.1. Evaluation of particle-size distributions / Acety Icho/mprovocuuon .................................................. o
7.10.2. Evaluation of pariicle-size distributions / Conjugate ................ ....cccocveeiieciniinnncnn, 27
7.11. COLT ECTION EFFICIENCY ’ 29
7.12. BODY WEIGHTS \ 30
TS I CLINIC AL/ SIGNS ot i s i e o S e e s e A T A A v vmsiiios sesliom s i ns oy it 30
7.14. IMMEDIATE-ONSET LUNG FUNCTION MEASUREMENTS ; 31
7.15. DELAYED-ONSET LUNG FUNCTION MEASUREMENTS . 33
7.16. NECROPSY AND HISTOPATHOLOGY :
717 . SEROLOGICAL DETERMINATIONS s cnmmsommmamms v s i s e s i i e v e s s e s s v s essdoss 36
7.18. STATISTICAL EVALUATION
7.16. REPRODUCTION OF RAW DATA

-~
Y §




BAYER AG 13060304
DEPARTMENT OF TOXICOLOGY 1L,6-HEXAMETHYLENE DIISOCYANATE

7.20. SOt TWARE PROGRAMMING AND Y/ ALIDATION 38
7 21. RAW DATA AND REPORT ARCHIV AL P S 38

S R ES UL S om0 e s e i T TS SR PN s SRS RS A R 39

8L IINDUCTION OF A IMALS i it s o it sl S o o ks o R

8.2. EL'CITATION OF RESPIRATORY HYPERSENSITIVITY BY HAPTEN AN ACH-CHALLENGE .....cccooveveriinenns a4
8.3. ELICITATION OF RESPIRATORY HY ERSENSITIVITY 8Y CONJUGATE CHALLENGE ... . . ovee v oo . 42
§.4. NECROFP"Y AND HISTOPATEOLOGY ... T R S e
5.5. SEROLOGY 5 45

46
47

48

120APPEMDIX Isnnamunaim i o e it G et i T 0 o e oo s s vt 5

SCHEDULING / CALENDAR
ACTIVITIES
CHARACTERIZATION OF INDUCTION AND CHALLENGE ATMOSPHERES .

Nominal concentration - induction by inhalation. .. ..

HDI induction by inhalation....................................... ;

TD! induction by inhalation ....................................

Monitoring of induction atmosph- .-es (exampies)

Monitoring of ACh-challenge xtmospheres example)

Particle-size determinations / ACi-chollenge atmospheres ...

Particle aralyses (examples) / ACi-challenge atmospteres ...

Characterization of hapien and conjugate challenge aimospheres.

Particle-size distribution - HDI Conjugate.

Particle -size distribution - TDI Ccnjugate. ... e o
BODYAWEIGHTS o cmcmmmnia bty vt i s o i o s o S s Sl s B o s N e e Vs SO B o ms s 70
CLINICAL OBSERVATIONS
LUNG FUNCTION MEASUREMENTS

Acetylcholine Bronchoprovocation Challenge |

Hapten Challonge

Acetylckoline Bronchoprovocation Challenge 11

Conjugate Ch=llenge
EUNGIWEICHTS . sovmmr s e o e e T i P e e e e o RO o s 1855
HISTOPATHOLOGY
MACRSOCOPIC FINDINGS
SEROLOGICAL EXAMINATIONS
CHOW SPECIFICATION < INUTRIENTS oo istorsssmmn s e s e s i r i s s s e favisssswa sy 1948
CHOW SPECIFI:. STION = IMPURITIES iusmsuit s snss s ivassnsis s ia i e iissss clisaes Sresa i s das Eon e see o osd S5vaa iothe s navisnsnds 1940
TAP WATER SPEC'FICATION

%‘-vj' 3o I

g™

e

x V‘, Ar




BAYER AG 12060304
DEPARTMENT OF TOXICOLOGY 1,6-HEXAMETHYLENE DIISOCYANATE

i3. APPENDIX II

SCHEDULING / CALENDAR
ACTIVITIES «cvsseseias
CHARACTERIZATION OF CHALLENGE ATMOSPHERES 5. o+ on 5 1ussss5sukssssiss saisssind sswssadnssisnssissasagss e isssessssssssssnsnrnnash
Characerization of hapten and conjugate challenge atmospheres... [
Monitoring of ACh-challerge atmespheres (eaarmole)
Particle-size dcterminations / ACh-challenge atinospheres
Particle analyses {examples) / ACh-challenge atmosphere
Particle-size distribuiion - TDI Conjugate ... ....c..ccocoeeiiinn. :
CLINICAL OBSERVATIONS ........ccoeevinnnviinnns S N A T e s o e e T
BODY WEIGHTS . cuuvssnensssaniiatsmsasmsasssess s bioisstaisanssssiskaas s iaaausvsve il ss vhasissnse ;
LUNG WEiGHTS 5
LUNG FUNCTION MEASUREMENTS ......c.coceeiniinnnn
GROSS PATHOLOGY REPORT cusu. svwvwsisisasessvinanas
CONJUGATE SYNTHESIS ... ...
ANBEETHCALE REPORT S HIDL S o vt sinmsusmamuse timss R usdesivos i st ke s S0 S e A b s s T S T o siaas
ANALYTICAL REPORT = T s iinecsnimnsissmmsusnsnssasoiiassnisahessmnsnssssdios e samsiis s S e iaasmmasssaissniais esssminesdansssnsse ioves
END OF REPORT ....ccvtiiiinirunnecaesissesosnnmnnneees . /

ik s

i
B
i =
b
b o
1
P
-
}.




BAYER AG T3060304 / T3060700
DEPARTMENT OF TOXICOLOGY 1,6-HEXAMETHYLENE DISOCYANATE

QUALITY ASSURANCE STATEMENT

Tesi Substance: 1,6-HEXAMETHYLENE DIISOCYANATE
HDI and TD{

Study No.: T3060304 / 13060700

The study was audited by Quality Assurance on the dates 2iven below. Audit reports nave

heen submitted in writing to the study director and, if necessary, also the laboratory
managemert. or other persons affected.

Date of report to study
Date of audit director/management

T3060304;

Oct. 04, 1895 (study plan) Oct 05, 1995
Oct. 04, 1995 Oct 04, 1985
Nov. 14, 1995 NMev. 14, 1995
Dec. 11, 1965 Dec. 11, 1995
Dec. 12, 1995 Dec. 12, 1995

13060700

Jan. 24, 1996 (study plan) Jan. 24, 1986
F:b. 20, 1996 Feb. 20, 1995
Feb. 21, 1996 Feb. 21, 1996
Mar. 07, 1996 Mar. 07, 1896

This study report v.as not audited by Quality Assurance.

Quality Assurance Unit
PH-QA-C/GLP, Bayer AG

/' ;
/:h}l OT‘ 11}3 Responsibic: I/ /(/(ML*

Dr.R.Rauchschwalbe
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4. SUMMARY

A lung sensitization study with 1,6-HEXAMETHYLENE DISCCYANATE (HDI) and
TOLUENE DISOCYANATE (TDI) was performad using guinea-pigs of the Dunkin-Hartley
Pirbright-White (DHPW) strain. A standard approach was used tiat ircluded eithier three
intradermal 1njections (one per day) or 5x3 hrs inhalation exposures, including one additional
intradermal injection, tollowed by inhalation challenge with the hapten, acetylcholinc and

conjugate by inhalation.

Study design: Groups of eight female guinea-pigs were intradermaily induced once per coy
on days 0, 2, and 4 (injection volume: 100 11/0.3% solution in desiccated corn oil) and one
additional groups of animals were exposed for five consecutive days (days O - 4) by
inhalation (duration of exposure: 3 hrs/day) to average concentrations of HDI and TD!
(vapor) of 27.4 mg/m?® air and 51.4 mg/m* air, respcctively. The latter groups of animals
received an additional single intradermal induction on day 0 so as described above. Control
animals received the vehicle alone (intradermally) under otherwise identical conditions (no
inhalation exposure). During the recovery period (stariing on day 21) a hapten-challenge
(target concentrations: approximately 0.5 mg hapten/m® air) was performed (challenge
duration: 30 min). One day before and one day after the hapten-chalienze an acetylcholine
bronchoprovocation challenge (stepped concentrations in steps of 0.1%, 0.2%, 0.4% and
N 8%, w/v; duration of each 15-min) was performed. Following day 28 all guirza pig: were
challenged again with the respective guinea pig serum albumin (GPSA) conjugate of the
hapten (mean concentration: approximately 50 mg/m?® air). During and after challenge
exposures immediate-onset respiratory reactions were evaluated by measurement of
respiratory rate, tidal volume, respiratory minute volume. inspiratory and expiratory times,
and peak expiratory flow rate. Additional parameters were derived mathematically. In some

of the groups also measurements for delayed-onset responses w <. incorporated.

One day after the GPSA-conjugate challenge, animals were sacrificed, and the lungs,
including trachea and lung associated lymph nodes, were examined histopathologically
(exception: groups sensitizec intradermally with TDI). The weight of the excised lungs was
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determined. At sacrifice blood was sampied for serological examinations (exception: groups

sensitized intradermally with TDI).

Summary of resalts: Following induction, inflammatory skin reaciions were observed. Also
during the inhalat-or induciion, signs indicative of respiratory tract irrization occurred. During
or {ollowing haptea-challenges, the incidence of immediaie-onse: type respiratcery reactions
were rcughly the same in all groups whercas during or following conjugate-challenges
immediate-onset respiratory reactions occurred in a higher incidence ir the HDI and TDI
sensitized groups when compared to the controi groups. The comparison of both routes of
induction deinonsirate that the incidence of responding animals was not appreciably different
when additional inhalation induction =xposures were made. The acetylcholine bronchoprovo-
cation challenge demonstrated that previous inhalation induction exposuies to TDI, but not
HDI, evoked a conspicuous nonspecific bronchial hyperreactivity. The histopathological
investigations revealed inflammatory responses in those yroups receiving inhalation induction
exposures (bronchiolitis). Independent on the route of irduction ia both the HDI and TDI
groups evidence of a specitic airway eosinophiila and eosinophil infiltraticn into lung
associated lymnh nodes, a hallmark of allergic airway hyperresponsiveness, was observed.
The serological investigation revealed a marked increase in anti-HDI/TDI IgG-antibody
titres.

Assessmznt: When animals that were sensitized intradermally or by inhalation and were
subsequently challenged by inhalation with the respective hapten HDI or TD! no conclusive
immediate-onset responses were observed. As a result of challenge with the respective
conjugate of the haptens conclusive immediate-onset responses occurred. Additional evidence
of a lung sensitizing potential was provided by the histopathological examinaticns which
revealed an increased eosinophiiia of a:rwavs and lung associated lymph nodes as well as
production of speciiic 1g(G,-antibody. Therefore, this study provides clear evidence that HDI
and TDI are a respiratory sensitizer i the guinea pig bioassay. It does not appear, in turn, that
the combined intraderma! and inhalation induction produces synergistic effects. Thesc
findings lend support the conclusion that successful induction and elicitation of allergic
respiratory hypearsensitivity can be achieved either by intradermal and by inhalation induciion

exposurcs. The first, however, is easier to standardize and less prone to experimental artifacts.

10




e Jere

L AT

T

ok

F <

A

-
s

e

jzi..'.'{}./

v

VNS R v Qe ag " :),'/ 23

TE N A

S0

TRy st¥E £

)

v

. “\,/ 4

=

— e

®

BAYLER AG 13060304
1.6-HEXAMETHYLENE DIISOCYANATE

DEPARTMENT OF TOXICOLOGY

S. INTRODUCTION

A lung sensitization study with HDI was performed using guinea-pigs of the Duakin-Hartley
Pirbright-White (DHPW) strairi. TDI. a known human respiratory tract s usitizing agent, was
used as reference compound. The principles of this erperimental model have been published
elsewhere (Botham et al, 1989; Pauluhr. and Eben, 1991; Pauluhn, 1994b)). Published
evidence suggests that an intradermal-induction and inhalation-challenge protocol appear to
be less susceptible to confounding factors such as irritation-induced cirway byperreactivity,

when compared with the inhalation-induction inhalation-chalienge protocol (ECETOC,

1993).

fn order to investigate whether the test substances fiave any potential to indace specific or

non-specific airway hyperreactivity a novel, combined intradermal/inhalation sensitization

approach was attempted. The primary objective of this study was to demonstrate that this

model serves the purpose for classification of (di)isocyanates as well as to examiiie whether

combined induction regirnens would even increase the sensitivity of this bioassay.

This study was conducted diiring the periods specified below at the following testing facility:
Institute of Toxicology - Industrial Chemicals of the Bayer AG Fachbereich Toxikologie in

D-42096 Wuppertal, Friedrich-Ebert-Strasse 217 - 333.

T2660204 / HDI

Study no.
February 2, 1996 to March 7, 1996

Duration of study

T3060700 / TDI

Study no.
Oktober 2. 1995 to Decemoer 12, 1995

Duration of study
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6. RESPONSIBILITIES

Dipl. Ing. G. Strietholt
Prof. G. Scnliiter
Dr. J. Pauluhn
Prof. Dr. E. Loser
Prof. U Mohr/Institute of Experimental Pathology!
Dr. K. Hoffmann

Necropsy/macroscopic assessment

Quality Ass. «ance

Set0lopiCal EVAIMALION 1o me umsvsmsimummmonums snsumoms s o s v Tss s s swms o s 5705 Dr. Hildebrand
Dr. J. Pavluhn
Dr.Diehl
Test substance / stability and purity (TDI): ..o, Dr.Pilger
Test substance supply THDLY: cossnammismasomovmammmmrsmsinii i s Dr.Dislich
Test substance supply (TDI):........ R A T SR AT Dr.Pilger

I Insitute of Experimental Pathology, University of Hanover, Germany
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7. MATERIALS AND METHODS

7.1. Test Substance

Test substance (I):
Synonymes:

Batch-no:

Purity:

Producer:

Stability:

Appearance:

Storage:

CAS5-no.:
Molecular weight:

Molecular formula:

Struct’ . al tormular:

Conversion factor:

L6-HEXAMETHYLENE DUSOCYANATE
Desmodur H, HDI

16AX13 HDI-GP / February 2, 1995

99.5 % - HDI

0.38 % - Chlorchexylisocyanate

0.34 % Uretdion {dirmer)

Bayer AG, Leverkusen, Germany

guarantecd for the duration of this study and re-
confirmed at the end of study. This samp!e has not
been stabilized with Jonol (as it is the case for the
commercially available product). Before use the test
substance was stripped with N,.

translucent liquid

Room temperature / darkness / under N,; when not
in use the test substance was stored in the
refrigerator (ca. 4 °C)

822-06-0

168.2 g/mol

CsH 2N, 0,

0O=C=N-(CH,)4-N=C=0

! ppm = 6.8 mg/m? air or 1 mg/m* air = 0.147 ppm
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T'est substance (1I):
Synonymes:

Batch-no:

Purity:

Producer:

Stabuility:

Appearance:
Sterage:

CAS-no.:
Molecular weight:
Molecular formula:
Structural formular:

Conversion factor:

2,4/2,6-TOLUENE DIISOCYANATE
Desmodur T80, TDI

394

~20% 2,6 - TDI

~ 80 % 2.4 - TDI

The purity has been analytically verified. The purity
was 99.98%.

Bayer AG. Leverkusen, Germany

guaranteed for the duration of this study and re-
confirmed at the end of study.

translucent, yellowish liquid

Room temperature / darkness / under N,
26471-62-5

174.2 g/mol

CyH,N,O,
O=C=N-[CH,-C,H,]-N=C=0

| ppm = 7.2 mg/m?* air or | mg/m? air = 0.14 ppm

Other materials used:
Acetylcholine chloride 98 % (ACh), Aldrich, Cat. No. 13,535-6; vehicle: deionized water

HDI-guinea-pig serum albumin (GPSA): Details concerning the synthesis  and
characterization of the conjugate are provided in the Appendix of uus report (¢f. Serological
Determinations).

TDI-guinea-pig serum albumin (GPSA): sc as described for study T1360636 (see 13.
APPENDIX II, Conjugate synthesis)

Corn oil, Caesar & Loretz GmbH, batch nc. 40079184, dehydrated using molecular sieve
Baylith TE 144. The stability of each hapten in the vehicle was confirmed analytically.

14
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7.2. Test system and animal maintenance

Species and rationale: The study was conducted with female guinea-pigs - an animal species

recommended for lung sensitization studies.

Young adult, healthy pure-bred guinea-pigs of the DHPW (Dunkin-Hartley Pirbright-White)
strain from the Charles River (Crl:(HA)BR, Sulzfeld, Germany were used. This strain oi
animals has been used tor years at Bayer AG for toxicological studies. Historical data on the
physiology are available. The state of health of the breed is monitored and the animals are
routinely spot-checked for the primary specific pathogens. The results of these tests are

retained.

Acclimatization: The animals were acclimatized to the animal rooim conditions for at least

5 days before use.

Identification: Animals were identified by both individual color-marking and cage-labels. All

animals from this study were located on one cage-rack.

Randomization: Before the start of the study the health status of each anima! was assessed.
Animals were subsequently assigned to exposure groups at random (randomization procedure
vide infra).

Health status: Only healthy animals free of signs were used for this study. The animals were
not vaccinated or treated with anti-infective agents either before their arrival or during the

acclimatization or «tudy periods.

Age and weight: At the study start the variation of individual weights did not 2xceed + 10 per
cent of the mean (see Appendix). Animals of we weight class used are approximately 2

weeks old.

Animal housing: During the acclimatization and study periods four animals per cage were

housed under conventional conditions in conventional Makrolon® Type IV cages (based on
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A. Spiegel and R. Gonnert, Zschr. Versuchstierkunde, 1. 38 (1961) and G. Meister, Zschr.
Versuchstierkunde, 7, 144-153 (1965)). Cages and water bottles were changed twice a week
while unconsumed feed was changed once per week. The legal requirements for housing

experimental animals (86/609 EEC) were followed.
Bedding: Bedding consisted of type S 8/15 low-dust wood granulate from Ssniff,
Soest/Westfalen, Germany. The wood granulate was randomly checked for harmful

constituents ai the request of the Laboratory Animal Services, Bayer AG.

Animal rooms: All animals were housed in a single animal room in which the following

environmental cond iions were haintained:

The animal room environment was as follows:

Room temperature: 22 +9°C

Relative humidity: approximately 50 %

Dark/light cycle: 12 h/12 h; artificial light from 6.00 a.m. to
6.00 p.m. Central European Time

Light intensity: approximately 14 watt/m? floor area
Ventilation: approximately 10 air changes per hour

The rcom humidity and temperature were continuously monitored and documented using a
calibrated thermchygrograph. Occasi~nal deviations from these conditions occurred, e.g. as a
result of an’ mal room cleaning, but these had no detectable influence on tihe outcome cf this

study.

Cleaning, disinfection, and pest control: The animal room was regularly cleaned and
disinfected once a week with an aqueous solution of Zephirol®. Contamination of the feed
and contact with the test system were excluded. Pest control was not conducted in the animal

room.

Feeding: Rations consisted of a standard fixed-formula diet (Altromin® 3022 maintenance
diet for Guinea-pigs, Altromin GmbH, Lage) and tap water (drinking bottles). Both feed and
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water were available ad libitur. The pelletized feed was contained in a rack in the stainless-

steel wire cage cover.

The nutritive composition and contaminant content cf the standard diet was checked regularly
by random sampling by the Laboratory Animal Services, Bayer AG. Details concerning
general feed and water specifications are provided in the Appendix.

Water: Drinking quality tap-water (Drinking Water Decree of 05.12.1990, Bundesgesetzblatt
[federe! law gazette] part [, page 2612) was provided ad libitum in polycarbonate bottles
containing approximately 700 ml (based on A. Spiegel and R. Gonnert, Zschr.
Versuchstierkunde, 1, 38 (1961) and G. Meister, Zschr. Versuchstierkunde, 7, 144-153
(1965)). The results of feed and water analyses are retained by Bayer AG. The available data

provided no evidence of an impact on the study objective.

7.3. Test Guidelines

The technical exposure criteria specified in OECD Guideline No. 402 and the corresponding
EC Guideline 892/69/EEC (1992) were fulfilled insofar as these are applicable to this study.
Other recommendations (US EPA, 1988) were also considered so as to comply with
internationally recognized procedures. General recommendations on the techniques used for
the for generation and characterization of atmospheres (ASTM E 981-84; Alarie, 1573) and
notable recommendations for interpretation (Gross and Vocci, 1988) were observed.

>pecific, internationally harmonized test procedures for experiments to assess the lung
sensitizatinn potential of low- or high-molecular weight coinpounds are not currently

existing.
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7.4. Study design

Recent publications highlight the potential of a simplified test mouel to examine low-
molecular weight agents for their potential to induce lung-sensitization (Pauluhn and Eben,
1991; ECETOC, 1993).

Intradermal induction: Fach group consisted of 8 guinea-pigs. For HDI intraderma!
inductions were performed bv three injections on days 0, 2, and 4 using desiccated corn oil as
vehicle. For TDI (see Appendix II) animals received a single intradermal induction on day 0.
A solution ot approximately €.3% (w/v) was used and an injection volume of 100 pl was
given per application. The stability of test substance in desiccated corn oi! has been checked
analytically on each day of administration. ~he results can be summarized as follows: HDI:
0.268%, 0.270, and 0.271, and TDI: ca. 0.3%(w/v). There was analytical evidence that the
respective concentration of HDI and TDI is stable in the vehicle for at least 6 hours

(maximum duration examined).

Combined intradermal and inhalation induction: Additional 8§ guinea pigs per group were

exposed by inhalation on five consecutive days, 3 hrs per day, target concentration 40 mg/m’
air. Due to the marked respiratory signs observed in the HDI-exposure group following the
first exposure day the target concentration of 40 mg/m?® air was reduced to 20 mg/m?® air (day

1 - 4). One intradermal injectior was given on day 0 under conditions described above.

Challenge

Group allocations/schedule for challengé: Challenge was conducted following a recovery
period of about two to three weeks after sensitization. Details are provided in the Appendix.
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Group allocatior:s/schedule for challenge

Group

Induction

Elicitation

Substance

Regime

Day‘

Aerosol’

Vehicle _ntrol
(id)

3 x 100 pl
(day ¢, 2, 4)

21/22/23/28

ACh/HDI/ACh/Conj

HDI
(id)

3x 100 pl

| (day§,2,4)

21/22/23128

ACWHDIACh/Conj

HDI
(id / ih)

1 x 100 pi(day 0)
5x3h (day 0-4)

21/22/23/28

ACIWHDI/ACh/Conj

TDI
(id / ih)

1 x 100 pl(day 0)
5x3h (day 0-4)

21/22/23/28

ACKWTDI/ACh/Conj

Vehicle control
(id)

1 x 100 ui
(day 0)

21/22/23/28

ACh/TDI/ACH/Conj

TDI
id)

1 x 100 pl

(day 0)

22/22/24/29

ACLTDI/ACb/Conj

AN Guinea pig number (due to software reasons the animal nos. presented in the Tables/Figures in
the Appendises may not necessarily be ordered in this sequence).

Vehicle
Regime

Dehydrated corni oil
1 x: single intradermal injection (day 0) using !0C ulVinjection;

3 x: triple intradermal injections, cne each day using 100 pl/injection
1) Day of challenge specified in 2)
ACh = Ramped exposure to 0.1, 0.2, 0.4 and 0.8 % concentrations of ACh sequentially for 15 minutes

each.

132 Separate study (T3060760), for individual results see 13. Appendix II

All animals were challenged using an identical protocol and with almost identical target
conceutiations of HDI, TDI and ACh.

7.5. Exposure Conditions

Mode of exposure: Animals were exposed to the evaporated test substance in Plexiglas
exposure tubes applying a directed-flow nose-only exposure principle. Tubes were chosen
that accommodated the animals size. This type of exposure is preferable to whole-body
exposure on scientific (Pauluhn, 1994a) and technical reasons (rapid attainment of steady-
state concentrations, no problems with regard to test atmosphere inhomogeneities, better
capabilities to control all inhalation chamber parameters, easier cleaning of exhaust air, easily
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accessable plethsymographic technique). M. “over, contaminaticn of the fur can largely be
avoided. The chambers used are commercially available (TSE, 61342 Bad Homburg) and the
performance of this type of chamber has been published (Pauluhn, 1994a)

Vehicle: HDI and TDI test atmospheres were generated as vapor without using an additional
carrier or vehicle.

7.6. Generation of Atmosphere and Exposure Technique

7.6.1. Generation of HDI/TDI-Ati..ospheres

Under dynamic conditions the test substance was fed into the intake of the cylindrical
inhalation chamber so as shown in Figure 1. Dry conditioned air or nitrogen (flow rates see
Taole | in the result section) was fed through the liquid of the test substance contained in a
glass bubbler (diameter: ~ 5 cm, hight of liquid level: = 5 ¢cm, content ca. 90 ml) using a
calibrated flow meter and was subsequently di'uted with conditioned dry air to achieve the
target concentration (cf. Table 1 1n the result section). The glass bubbler containing the test
compound was maintained at 45 °C using a thermostate (JULABO UC, Juiabo, Seelbach,
Germany). For TDI two parallel glas bubblers, e¢ach supplied with 0.9 1 air/min, were used.
For challenge exposures smaller glas bubblers (content ca. 8 ml) were used.

The directed-flow arrangement of this type of nose-orly inhalation chamber minimizes re-
breathing of exhaled test atmosphere. Also the degradation/hydrolysis of the test atmosphere
as a result of coniact with humidified exhaled air is minimized or even impossible due to the
design of the inhalation chamber. The stability of the test atmosphere was monitored
continuously using a total hydrocarbon analyzer equipped with a flame ionization detector
(Compur, Munich, Germany). The inhalation chamber used consisted of one scgment suitable
to accommodate 20 rats at the perimeter locaticn. All air flows are monitored and adjusted
continuously by means of flow-contrcliers. A soap bubble meter (Gilibrator, Strohlein
Instruments. Kaarst, Germany) was used to monitor the accuracy of flow-controllers. As
demonstrated in Table 1, the ratio between main supply and exhaust air was selected so that
ca. 80% of the supplied air was extracted via the exhaust air location and, if applicable, via
sampling ports. Activated chaicoal was used for exhaust air clean-up. The slight positive
bzlance between the air volume supplied and extracted ensured that no passive influx of air
into the e¢xposure chamber occurred (via apertures). The remainder provides also adequate
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dead-space ventilation of the exposure tubes. The pressure difference between the inner
inhalation chamber and the exposure zone was 0.02 cm H,O (Pauluhn, 1994a). The exposure
system was accommmodated in an adequateiy ventilated enclosure.

Inhalation Chamber: The aluminum inhalation chamber has the following dimensions: inner
diameter = 14 cm, outer diameter = 35 cm (two-chamber system), height = 25 cm (intemal
voiume = about 3.8 !). The construction of the irhalation chamber is shown schematically in
Fig. 1. Details of this modular chamber and its validation with regard to spatial homogeneity
of material distribution have been published (Pauluhn, 1994a).

Fig. 1: Inhalation Chamber (schematic)

1. Air supply 7. Real-time monitoring (THC)

2. Test substance i glass bubbler 8. Sampling location ('breathing zone sampling')

3. JULABO thermostate 9-10. Make-up of exhaust air, including HEPA-filter
4. Dilution air / azavated char choal

5. Exposure zone 11. Exhaust air

6. Sensor for temperature and humidity measurement

Inhalation chamber steady-state concentration: The test atmosphere generation conditions

provide an adequate number of air exchanges per hour (> 300 x, continuous generation of test
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atmosphere). Under such test conditions steady state is aitained within the first minute of
exposure (toge, = 4.6 X chamber volume/tlow rate; McFarland, 1976). As alluded to earlier,
the ratio between the air supplied and exhausted was chesen so that approximately 80-90% of
the supplied air is removed as exhaust. The remainder provides adequate dead-space
ventilation for the exposure tubes. At each exposure port a riinimal air flow rate of 1.4 I/min
was provided. The test atmosphere can by no means be dilutec by bias-air-flows. The

inhalation chamber was operated in a well ventilated chemical fume hood.

7.6.2. Generation of Acetylcholine Aeroso! -Atmospheres

ACh was dissolved in deionized water to obtain concentrations of 0.1, 0.2, 0.4, and 0.8 %
(w/v), and these solutions were nebulized into the baffle at a rate of 75 p! per minute.
Increasing concentrations were achieved by the nebulization of subsequently increased spray
solutions. The attained acrosol increased proportionally with increased concentration of the

nebulized sclution (Fig. 2).

Fig. 2: Kainped ACh-Challenge - Real-iime monitoring

4

Concentration

Time
A binary nozzle was used and 15 liters of air per minute was supplied at a dispersion pressure
of approximately 400 kPa. The spray solution was continuously fed to the nozzle using a

Braun® infusion pump. Before entering the inhalation chamber larger particles were
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eliminated from by a baftle/seperator. During ACh-chailenge the inhalation chamber

tempera -2 was ca. 21 “C, the respective .2lative humidity was ca. 30%. Further details are

depicted in Fig. 3.

7.6.2. Generation o njugat rosol -Atmospheres

The respective hapten GPSA-conjugate (for characterization see Appendix) was dissolved in
saline to obtain a concentration of 1.5 % (w/v), and this solution was nebulized into the baffle
at a rate of 200 pi per minu' . Again a binary nozzle was used and 19 liters of air per minute
was supplied at a dispersion pressure of approximately 200 kPa. The spray solution was
continuously fed to the nozzle using the system so as shown in Fig. 3. During conjugate
challenges the inhalation chamber temperature was ca. 21 °C, the respective relative humidity

was ca. 40-30%.

Respirability optimization: For liquid aerosols the preseparator/baffle system was used to
increase the aerosolization efficiency and to prevent larger particles from entering the inha-
lation chamber (Tillery et al., 1976). Details of this aerosol generation system have been
puolished elsewhere (Pauluhn, 1994a). The dimensions of the baffie section were 10 x 10 x

19.5 cm (lergth x width x height).

Air flows: During the exposure period. air flows were continuously monitored and readjusted
to nominal settings as required. Generally, air flows weie measured using calibrated
flowmeters. These calibrated flowmeters were checked with bubbie-meters (Gilibrator) for

proper performance prior to the study aad at regular intervals during the study.
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Fig. 3: Inhalation chamber - Conjugate Aerosol Challenges

. Test substance supply
. Compressed air

. Nozzle

. Baffle

. Inhalation chamber

. Plethysmograph

. Air outlet (exhaust air)

8. Cotton-wool/activated charcoal aerosol filter (air
maXke-up)

9. "o ¥ meter to monitor exhaust air

10. sersor for temperature and humidity measure-
ment (actual location: exposure port)

11. Sampling location ('breathing zore sampling')

12. Rotatable base

i5. Photometer (Real-time monitoring)

Compressed air conditioning: The compressed air was produced with Boge coinpressors.

The air was automatically couditioned (i.e. water, dust and oil removed) by subsequent

passaze thrcugh a VIA compressed air dryer. The regulated operating pressure of the

compressors was 8 - 10 bars (800 - 1000 kPa). Pressure-reduction valves were used io set the

operating pressure.

Treatment of exhaust air: The exhaust air was purified through cotton-wool/activatzd

charzoal and HEPA filters. These filiers were disposed of by Bayer AG.
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7.7. Inhalation Chamber Temperature and Hamidity

Femperature and humidity values were determined using the Levboid-Heraeus system as de-
scribed below. Readings were recorded at 10-minute intervals. Throughout all exposures the
sensor was located in the exhaust location of the inhalation chamber. The humidity-detecting
cell was protected against aerosois by a Tetlon® membrane (pore size about 1 pm)
sandwiched between two sintered-metal filters. The humidity sensors were calibrated with
saturated salts solutions (Greenspan, 1977; Pauluhn, 1986). The temperature sensors were
calibrated with standard thermometers. Readings were transmitted through an [EEE 488 inter-
face and recorded and analyzed using an Apple [le computer equipped with an MDP 8240/45
analog/digital converter During the conjugate challenge humidity was monitored using a
Lambrecht hygrometer (location of sensor: exhaust air) and digital ther:znometer (location of

sensor: breathing zone area). During the induction period a Lambrecht Hygrometer was used.

7.8. Analysis of the Test Atmosphere

7.8. 1. Analysis of HDI/TDI Test Atmospheres

The nominal concentration was calculated taking into account the actually evoporated mass of
test substance (difierence of weight of the glass bubbler before and after exposure) devided
by total airilow through the chamber. The mass loss during the challenze was too low to
allow the calculaiioa of nominal concentrations.

The test atmosphere was determined by HPLC after derivatization of the isocyanate
functionality. Samjples were taken by using glass powder fi'led tubes containing nitrorcagent
as scavengng agent. Further methodoiocgical details related to sampling as well as
charactenization of test atmosphere are provided in the ‘Appendix.

Chamber samples were taken in the vicinity of the breathing zone (see Fig. 1). The number of
samples taken was sufficient to characterize the test atmosphere and was adjusted so as to
accommodate the sampling duratior and/or the need to confirm specific concentration values.
Optimally, samples were collected after the equilibrium concentration had been attained in
hourly intervals. All analytical concentrations reported refer to ma of test substance/m? air.
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7.8.2. Analysis of Acetyicholine chloride Test Atmospheres

The ACh aerosol was indirectly quantified from samples taken in the breathing zone area

using a TSI laser velocimeter (see below).

7.8.3. Analysis of Conjugate Test Atmospheres

For gravimetric determinations of the hapten-GPSA conjugate glass fiber filters were used
(SM 13430, Sartorius. Gottingen, Germany). Filter weights were determined using an
eiectronic balance (Mettler AE 100, Gottingen, Germany). The flow rate during sampling was

4 liter/minute and the volume was approximately 50 liters of air per sample in total.

7.9._Stability of Test Atmosphere

The stability of the acrosol generation system(s) was checked using a RAM-1 or RAS-2
aerosol photometer (MIE, Bedford, Massachusetis, USA). The integrity and stability of the
vapor geneiation system was checked continuously using a Compur Total Hydrocarbon

Analyzer (equipped with FID) (Compur, Munich, Germany).

Samples were taken continuously from the vicinity of the breathing zone. This chamber
monitoring allows for an overall survey of toxicologically relevant technical parameters (inlet
and exhaust flows as well as atmosphere homogeneity, tempora! stability, and generation
performance). Interrupiions in exposure (e.g. resulting fror: obstruction of the nozzle or other
technical mishaps) were recorded and, if applicable, a commensurate interval was added to

the exposure duration for compensatiorn.
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7.10. Test atmosphere particle characterization

7.10.1, Evaluation of particle-size distributions / Acetylcholinprovg ation

Sampies tor the analysis of the aerodynamic particle-size distribution were also taken in the
vicinity of the breathing zone. These samples were taken using a TSi-Laser Velocimeter APS
3300, including diluter TSI Model 3302 (TSI Inc., St. Paul, MN, USA). Technical details of
this system have been described (Remiarz et al., 1983). The TSI-Laser Velocimeter APS is
checked and calibrated at regular intervals by TSI (TSI, 1986). Particle size measurements
were conducted once during the experiment. Representative exampies are provided in the

Appendix.

For the APS 3300/diluter equipmenti the curnulative number distribution is used to calculate
the number median aerodynamic diameter (NMAD) and geometric standard deviation (GSD).
The NMAD and GSD are determined from the probit-transformed cumulative particle
number frequency distribution (y-axis) and the logarithric effective cut-off diamecters
(ECD's) (x-axis) cf the individual channels by linear regression. The GSD is calcuiated from
the regression line: percentile 84 / percentile 50. The MMAD is then calculated from the
NMAD using the following formula (Raabe, 1970; Marple and Rubow, 198(); Pauluhn,
1994a).

MMAD = NMAD x exp(3m” GSD)

7.10.2. Evaluation of particle-size distributions / Conjugare

Representative samples for analysis of particle-size distribution were taken in the vicinity of
the breathing zone area during the induction exposures and before or after challenge. The
sample was taken using a iow-pressure cascade impactor. Specifications and evaluations are
previded in the Appendix. The individual impacior stages were covered with aluminum foil
and a glass fibre filter and were evaluated by gravimetric analysis. Sil'con spray was not used
for adhesive coating for the aluminum foil surfaces to prevent particle bounce because of the

presence of the filter.
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For the evaluation of the cascade impactor analyses the mass median aercdynamic diameter
(MMAD) and the geometric standard deviation (GSD) are determined from the probii-
transformed cumulative particie mass frequency distribution (y-axis) and the logarithmic
eftective cut-off diameters (ECD's) (x-axis) of the individual impactor stapes by linear
regression. The GSD is calculated from the regression line: percentile 84 / percentile 50. The
relative mass with an aerodynamic diameter £ 3 um ("respirable mass fraction") [Raabe,
1982, Snipes, 1989; SOT-Commemary, 199?] is calculated from the regression line. For
probit transformation and linear regression FORTRAN algorithms are used.

To verify whether the aeroso! distribution is mn fact unimodal and log-normal the normalized
mass per stage (f}}') 1s evaluated as a histogram. AlogDp is equal the difference logDp+1 -
logDp, whereas Dp is the lovser (left) cut-size limit and Dpﬁ.l the higher (right) cut-size limit
of the corresponding impactor stage. As demonstrated by the evaluations included in the

Appendix, the impactor stage cut-off limit (Dp+) to the right was used for all calculations.

mass | stage
Afog D
. p

e

The log-noimal mass distribution y'(Dye) = 1/Nf X y(Dge) as a function of the aerodynamic

diameter (D,e) is computzd using the formula:

: | (op D - log MMAD)>
f(l)c):cxpi——' gae

a

2 Ao
L 2 x log® GSD

The normalization factor (Ny) is calculated as follows:

N o= zmass
I log GSD x /2=

Where Zmass is the total mass collectzd by the cascade impactor, where m = mass

relative
er stage/Zimass (¢f. Fig. 4 P
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Figure 4: Principle of characterization of aerosol atmosphere
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The aigorithm for the calculation of particle size characteristics is taken from pertinent
reference works on aerosol physics (Dennis, 1976, Marple and Rubow, 1980) and proves to

be generally applicable (Pauluhn, 1994a).

Respirability

The »article-size distribution achieved is adequately respirable to reach all potential targets

within the guinea-pigs’ respiratory tract (Snipes, 1989).

7.11. Coliection =fficiency

The sampling equipment was adjusted with calibrated rotameters to internationally

recognized standards (ACGIH, 1978; Section I "Calibration of Air Sampling Instruments").

The conditions for tesi atmosphere generaitor were optimized to provide maximum aerosol
respirability to leboratory animals (Raabe, 1982; Snipes, 1989; SOT-Commentary, 1992).

29




BAYER AG T2060304
DEPARTMENT OF TOXICOLOGY 1,6cHEXAMETHYLENE DIISOCYANATE

I'he absence of larger paiiicles and high low rates in the vicinity of the sampling ports make
it possible to disregard potential anisckinetic sampling errors, thus ensuring a representative
sampling even with different sampling probe orifice diameters and flow rates. The tolerance
limits for the radius ot the probe orifice are calculated using the followiiig formula [ACGIH,
1978] Calculations consider both a pariicle-size distribution that encompasses aerodynaimic

diameters (D,.) of 0.5 to 7.4 ;im and sample flows ranging from 8 to 80 ml/sec.

p = radius of the sample probe in cm = V. x Dy
v = relaxation time (D¢ 0 5 pm 1x10°6 sec; Dze 7.4 pm = 1.7x10°4 sec)
g = gravity constant = 980 cm/sec

Tolerance limits calculations for the sample probe orifice (r,,) indicated that a representative

sampling is assured when the orifice inner diameter is in the range of 1.0 to 1.6 cm. Orifices

of the sampling instruments used here are consistent with this criteria. Details of the Dy

tolerance limit calculations are published elsewhere (Pauluhn, 1994a).

7.12. Body weights

The body weights were determined prior to induction, on relative study days three and seven,

and weekly thereafter. Animals were also weighed before necropsy.

7.13. Clinical signs

If applicable, the appearance and behavior of each guinea-pig was examined carefully at least
twice per day of exposure and ai least once daily thereafier (it “luding weekends).
Assessments from restraining wbes were made only if unequivocal signs occurred ie.g.
spasms, abriormal movements, severe respiratory signs). Foilowing exposure, observations

are made and recorded systematically; individual records are maintained for each animal.
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Cageside observations included, but were not limited to, changes in the skin and fur, eyes,

mucous membranes, respiratory, circulatory, autonomic and central nervous system, and
somatomotor activity and behavior pattern. Particular attention was directed to obs=rvation of

tremors, convulsions, salivation, diarrhe, lethargy, somnolence and prostration.

7.14. Immediate-onset lung function measuremesits

Immediate-onset reactions: Measurcrients were couducted with spontaneously breathing,
conscious guinea pigs in modified nose-only expusure tubes used as plethysmographs. The
animals were acclimatized to the exposure conditions for an adequate period of time. Animals
were considered acclimatized when the respiratory rate reached roughly 90 breaths per

minute.

After acclimatization bascline parameters were measured for approximately !5 min (exposure
to air). The duration of exposure to the test substance was approximately 30 min, followed by
post-chailenge measurements of approximately 60 minutes (fcr a detailed itemization of
responses cf. Appendix/Lung Function Measurements). Measurements were made with ¢ight
animalc simultaneously. For evaluation of responses occurring during challenge exposures
the foilowing respiratory parameters were ¢valuated: respiratory rate (RR) [breaths/min], tidai
volume (TV) [ml], respiratory minute volume (MV) [ml/min], peak inspiratory and
expiratery flow rates (PIF and PEF) [ml/sec], inspiratory (IT) and expiratory times (ET)
[msec], the average duration of apnoic period (AT) [msec], and the aumber of apnoic pericds
per logging peiiod exceeding 20% of the ET period [incidence/logging period]. Additional
parameters were derived as shown in the Appendix. Measurements were made in nose-only
animal restrainers with wire-mesh style pneumotachograph and differential pressure trans-
ducers (MP 45 + 2 cm HyO, Validyne) fitted shortly onto the piethysmograph. The head and
bodv compartments were separated using a double-layer latex neck seal. Precautions 'vere
taken to avoid artifacts <lue to restraint and tight fitting seals around the neck. Volumes were
calculated by integration of the flow signai from the body compartment and potential artifacts
related to the dependence of the calculated volume as a function of respiratory frequency

were considered (Pauluhn, 1994b). The resistance to air flow of the wire-mesh screens was
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adjusted so that artificial volume changes between pump rates of 50-250 cycles/min did no:
exceed 10%. The validation of the system was performed prior to each exposure individually
for all plethysmographs using a calibration volume of 2.0 ml at a frequency of 150
cycles/min. In most instances, the signals were averaged during a logging period of 20
seconds. The flow and volume signals for each individual animal were displayed on the
monitor of the PC during measurement. Phasc and amplitude checks were documented by re-
processing of raw data. The principle of thie evaluation of breathing patterns is iilustrated in
the following Figure 5.

Figure 5: Flow/volume measurements
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Data recording and evaluation: Individual baseline data were used to calculate the mean + 3
and 4 x standard deviation (5TD). Responses exceeding the mean + 3 x STD were considered
to be positive. A rank order of responses was made. The highest rank was given to increased
values of the respiratory rate (hapten and conjugate challenge) and the PEF x (ET+IT)/TV
parameter. Data provided in the graphs presented in the Appendix were smoothed by a low
pass filter to eliminate high frequent breathing patterns.

Analyses were additionally perfomed ‘on-line’ on non-smoothed data. This evaluation of duta

32




Ly

¥

BAYER AG
DEPARTMENT OF TOXICOLOGY

13060304
1,6cHEXAMETHYLENE DIISOCYANATE

counted the number of events (each averaged period of 2C sec) above the individual mean + 3
x STD. To allow comparison with pooled control data, the respective pre-exposure control
period (mean + 1 STD) was evaluated to calculate the prediction intervals for the breathing
parameters of interest.

Acetylcholine provocation: Resuits of the acetylcholine bronchoprovocation assay were

evaluated using an iterative mathematical approach (formula see below). For evaluation of the
concentration-response curve of conirols all pooled controls were used. Fer TDI (due to the
limited number of data available) the two parameters fiited tc the curve were the parameters
p; (ampiitude) ard p; (slope).

y=p,/ (1+exp(p, x (x = p;)))

7.15. Delayed-cnset lung function measureitients

Four animals per group of study T3060700 (cf. 13. Appendix II) were subjected to measure-
ments for delayed-onset responses. A delayed-onset respiratory hypersensitivity response was
indicated by an increased RR as described by Karol et al. (1985), Karol and Thorne (1988).
This endpoint was evciuated from unrestrained guinea-pigs using water-jacketed whole-body
plethysmographs (temperature approximately 21.5 + 1 °C, duration of measurement: ca. 20
hours; bias air-flow rate 2 l/min) (laboratory thermostat; Julabo UC - 5B/5). The volume of
the bias-flow whole body plethysmograph was 2.44 liter (length = 23.5 cm, width = 11.5 cm).
The comparison of RR values in unrestrained (whole-body bias flow plethysmographs) and
restrained guinea-pigs (uiose-only plethysmographs) revealed a baseline RR value of
approximately 90 breaths/min for both systems. Thus animals were apparently not unduly
stressed during restraint. Details of this system have been published previously (Pauluhn and
Euen, 1991). Respiratory rate data were reported as one riinute integrations and results were
averaged over five-minute intervals for tables and Figures. The test principle is illustrated in

the following Figure 6.
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Figure 6: Schematic for measurement of delayed-onset reactions.
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Evaluation: Previous analysis of the respiratory rate (RR) over a period of about 20 hours
yielded a mean RR of approximately 90 and a single SD of ca. 20 (Paulunn and Eben, 1991).
Accordingly, © temporary rise in the respiraticn rate to 90 + 2 SD was taken as 2 positive

reaction, and an increase to 90 + 3 SD as a strongly positive reaction.

Examples of this type of evaluation are summarized in Fig. 7. However, it must be
emphasized that, due to changes observed also in controls, the bias-flow plethysmography is

apparently not the methodology of choice to examine sraall changes in brathing patiern.
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Figure 7: Results of delayed-onset measurements. Panel left: Controls after TDI-challenge,
nanel right: single intradermal induction aiter TDI-challenge
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7.16. Necropsy and Histopathology

Necropsy. Animals were sacrificed one (..y after the final challenge. Intraperitoneal injection
of sodium pentobarbital (approx. 600 mg/kg b.w.) wa: used for eut..anasia. The animals were
then examined for gross pathologic changes. All findings deviating from normal were docu-
mented. Complete exsanguination was performed through cardiac puncture and the blood

collected was used serological determinations. Following exsanguination the lung weights
were determined.
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Histopathology. The fung, trachea, and lung associated lymph nodes were subjected to

histopathclogical evaluation with particular emphasis to eosinophil infiltration. Further

methodological details are provided in the respective Appendix.

7.17. Serological Determinations

At termination, several miililiters of blood were collected from each animal and was allowed
to clot at room temperature for approximately one hour. The samples were then stored over-
night at ca. 4 °C to complete the clotting process. Afier centrifugation, serum was collected
and stored at -20 °C prior to consigning to Dr. Hildebrand. Details concerning the preparation
of the conjugate, its characterization, the methodology, and results of serological deter-

minations are reported in the respective Appendix.

7.18. Statistical evaluation

Body weights: Body weight gains were analyzed by one-way analysis of variance and Tukey-
Kramer post hoc test (BCTIC Computer Code Collection - Biomedicai Computing
Technology Infermation Center. ANOVA a FORTR4 4 Program to Perform one-way
Classification Analysis of Variance. Vanderbilt Medical Center, Nashville, Tennessee, USA).

The criterion for statistical significance was set at p < 0.05.

L- =g weights: Lung weights (absolute and relative versus body weights) were analyzed by
one-way analysis of variance and Tukey-Kramer post hoc test (BCTIC Computer Code
Collection - Biomedical Computing Technoiogy Information Center: ANOVA a FORTRAN
Program to Perform one-way Classification Analysis of Variance. Vanderbilt Medical Center,

Nashville, Tennessce, USA). The criterion for statistical significance was set at p < 0.05.

Pulmonary fuaciion tests: Absolute and relative values for each parameter are reproduced in
tabular or graphical form in the Appendix. All parameters collected are also reproduced
graphically and these data were smoothed using a lowpass filter before graphing (low pass
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filter for high frequency outliers). Brief peaks caused by abnormal rmovements in the

Vi plethysmograph were thereby minimized. Data in tables reflect the raw data.

One-way analysis of variances (ANOVA): In this parametric method. the data are checked
for normal distribution by comparisor: of the median and mean values. The variances between
the groups were tested for homogeneity with Box's test. If the F-test showed that the variation
within the group was greater than that between th: groups, this fact is indicated in the
Appendix by the remark "no statistical difference between the groups". If a difference was
determined, a pairwise post-hoc (one and two-tailed) comparison of the groups was

performed using the Games and Howell modification of the Tukey-Kramer significance test.

-~

-/ Histopathology findings: If specific findings occur irom the respiratory tract of surviving
rats they are evaluated statistically using the pairwise Fisher test after the R x C chi-squared

L test (HP 3000, Department of Toxicology, Bayer AG). The Fisher test was only performed if
i differences occurred between groups in the R x C chi-squared test or if a frequency value of

< 5 was calculated. This procedure was performed in accordance with Gad and Weil (1982).

For calculation of the unilateral p value a symmetrical distribution was assumed (p unilateral
= (p bilateral)/2).

Randomization: The randomization lists were produced with the aid of a computer program

which used a random number generator.

7.19. Reproduction of Raw Data

Raw data entered into, processed by and/or stored in a computer system could be saved and
printed out in various formats. The precision (number of decimal places) of the values printed

and reproduced in this report reflect toxicologically relevant levels of precision. Deviations

between manually calculated and computer-determined vaiues can arise due to rounding.

Values with no decima! places do not necessarily represent the pertinent measurement

precision of the detection system.
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7.20. Software Program i ¢ and Validation

Software code for the followirg purposes was written in HP Fortran (FP 3000) or Microsoft
Fortran 77 (PC): partticle-size analysis, ANOV A, Fisher test, inhalation chamber data
tabulation program, graphics software, physiological data evaluation. All scratch files were
generated using Fortran F8.3 format using the Fortran default rounding routines. Fortran
format A was always used to generate alphanumeric tables and graphs; i.e. numbers in figures
and tables are rounded-up or -oft aue to the different format codes cI the server. The
computer programs were carefully valideted. The validation was conducted using text book
data sets (Gad and Weil, 1982). However, it should be taken into account that the formal
requirements of the GLP-principles for validation of computer software are not fulfilled.
Wherever possible, raw data and calzulated values are display=d graphically to provide a

versatile opportunity for data ccrparisoa.

7.21. Raw Data and Report Archival

The protocol, raw data, specimens, and the final report are archived in locations specitied by
Bayer AG, in accordance with GLP requirements.
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8. RESULTS

8.1. Inductic™ of Animais

It could be demenstrated that for intradermal inductions the target concentrations of HDI and
TDI of approximately 0.3% were m=t. There was analytical evidence that the respective
concentration of HDI and TDI is stable in the vehicle (desiccated corn oil) on the day of

administration.

['echnical intormation concerning generation of test aimospheres is provided in Table la.

Table 1a: Characterization of induction atmospheres

Group ? Group 4
Induction Greupl]  HDI TDI

Mean Actual Conc. (mg/m?) 274 %7, S14+2.6
Inlet Air Flow (I/min) 20
Total exhaust air flow (I/min) 18
Temperzture (mean, °C) 17
Rei. Humidity (mean, %) : 18

Analytical as well as real-time monitoring of each test atmosphere indicated that the exposure
conditions were temperally stable over the induction period. The 5 x 3 hrs inhalation
exposures (ih) to the respective vapor atmosphere resulted in guinea pigs exposed to DI
more pronounced signs of respiratory tract irritation when compared with TDI. Therefore,
after the first exposure day, the target concentration of HDI was reduced by 50% (see

Appendix).

Temperature values in the inhalation chamber were in the range suggested by the testing
guidelines. Humidity values were lower, this is undoubtedly related to the vse of dry air for
generatic 1. However, this deviation from the OECD guide!ine has no negative impact on the

study res its.
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The results obtained during and after the various induction encounters to HDI or TDI are

summarized in Table 1b.

Table 1b: Summary of acute inhziation toxicity - Induction period

Regimen | Toxicologicl Onset and Onset of
Result' Duration ot"SignsZ Mortality

(%)

vehicle 0/0/8

id - HD! 0/0/8

id + ih - HDI 0/8/8
id + th - TDI 0/8/8

: vehicle 6/0/8

p—

; id - TDI 0/0/8

1) Duration of signs related to respiratory tract irritation only (for reactions at injection site see
Appendix).
2) Day relative to the first induction day (= day 0)

Values given in the '"Toxicological results' column are:
1st = number of dead animals.
2nd = number of animals with signs after cessation of exposure.
3rd = number of animals exposed.

Signs and obsecvauons:
All signs are tabulated in the Appendix in incidence tables.

Groups 1 and 1”; All guinea-pigs tolerated the treatment without specific signs.

Groups 2: Injection site reddened, dark discolouration, oedematous, serous exsudation,

necrotic, iranstent reddening of skin not covered by hair-coat.

Groups 2': Injection site reddened, dark discolouration, oedematous, serous exsudation,

necrotic, transient reddening of skin not covered by hair-coat.

Group 3. Injection site reddened, dark discolouration, oedematous, necrotic, transient

reddening of skin not covered by hair-ccat. Rales, labcured breathiag pattern, bradypnea,

cyanotic appearance, cough like breathing sounds, dyspnea, serous discharge from nose.
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Group 4: Injection site reddened. dark discolouration, necrotic, transient reddening of skin not

covered by hair-coat. Rales, laboured breathing pattern, bradypnea, cough-like breathing

sounds. serous discharge from nose.
The intensity of signs was more pronounced in group > when compared to groups 4.

Following intradermal induction (id) most animals showed marked inflammatory responses at
the injection sites which persisted throughout the observation period (for details see

Appendix).

Body weights: Animals induced by inhalation experienced a mild and transient decrease in
hody weight gains relative to the respective vehicle control. All body weight data, including

their statistical analysis, are reproduced in the Appendix.

Lung weights: Marked differences in lung weights between the group were not evident in the
groups. However, it appeared that the lung weights of animals induced by TDI showed a
tendency of elevated lung weights. All data and the statistical analysis of this data are

reproc-iced in the Appendix.

Gross pathological examinations: Equivalent findings were observed from the vehicle and

the induction groups (see Appendix).

8.2. Elicitation of Respiratory Hypersensitivity by Hapten an ACh-Challenge

The results of challenge exposures with the haptens HDI or TDI can be summarized as
follows: Guinea pigs challenged with average hapten concentrations of approximately 0.5
mg/m* did not experience any conclusive change in breathii,~ patiern. The results of the
acetylcholine bronchoprovocation assay performed one day befo.. and one day after the
respective hapten challenge were almost identical, thus indicating that differences in hyper-

responsiveness are apparently related to induction inhalation exposures rather than hapten
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challenge.

Acetylcholine provocation: The highest rank was given to increased values of the derived
dimensiorless parameter ‘FEF x (ET+IT)/TV’. The results of the acetylchcline broncho-
provocation assay is evaluated using an iterative mathematical approach. For evaluation of

the concentration-response curve of pooled controls were used. As depicted in Fig. 8, guinea

pigs subjected to repeated I'DI inhalation exposures (group 4) experienced a conspicuous

non-specific airway hyperreactivity. This demonstrates that previous encounters by inhalation
with high concentrations of the inciting agent TDI rendered the animals hyperreactive t; non-
specific stimuli. The effective concentration provoking 50% response (ECsy) was in non-
nyperreactive guinea pigs approximately 32 mg ACh/m* air (p,=75.5, p,=0.133, p;=31.6) and
in the TDI group 8 mg ACh/m? air (p,;=75.6, p,=-0.407, p;=7.84). Despite the comparable test

design the HDI-sensitzed animals did not show similar changes.

Figure 8: Acetylcholine bronchoprovocation assay. Stepped exposure of ACh: 0.1% - 0.2% - 0.4% - 0.8%
(nebulized solution). TDI (1I) = group 4
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8.3. Elicitation of Respiratory Hypersensitivity by Conjugate Challenge

Guinea pigs were challenged with the respective hapten-conjugate of the haptens TDI or HDI

in concentrations between 43 - 52 mg/m® air. The conjugate aerosol had an MMAD =~ 1.8
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pm. GSD = 1.9, and particle mass < 3 pum of 80%. For more information see the Appendix.

The results obtained during or following challenge with the respective GPSA conjugate of the
hapten are summarized in Table 3. All guinea-pigs tolerated the respective hapten conjugate
challenge without specific clinical signs. The examination of delayed-onset responses
(evaluated in four animals/group in groups 1’ and 2’ only) were inconclusive both after the
hapten and after the conjugate challenges.

Table 3: Lung Function Measurements during Challenge with the respective Conjugate

REROEY, | RR| PEFx |RR| PEFx [RR| PEFx
(target concentration)
(IT+ET)YTV (IT+ET)/TV (IT+ET)/TV
vehicle 177 0/7 1/7 0/7 147 177
id - HDI 6/6 4/6 2/6 5/6 4/6 4/6
id + ih - HDI 5/8 6/8 2/8 5/8 178 4/8
id + ih - TDI 3/8 5/8 5/8 6/8 IR 6/8
vehicle 1/7 1/7 1/7 1/7 117 2/7
id - TDI 4/8 3/8 3/8 3/8 38 3/8
Number of animals examined: 8 guinea pigs/group throughout the study, N = group no., A) Visual evaluation,
B) Based on # of counts exceeding the mean of pooled pre-exposure data + 3STD, C) Based on # of counts
exceeding the mean of individual pre-exposure data + 3STD

The type of data evaluation summasized in Table 3, column C ‘RR" are depicted in Fig. 9.

Characteristic, stereotypic changes of lung function (increased respiratory rate), indicative of
lung sensitization, were observed in both HDI and TDi-induced animals challenged with the

respective hapten-GPSA conjugate. From Table 3 ard Fig. 9 it is evident that both the

incidence and the magnitude of response could not be increased by employing 2 combined
intradermal - inbalation ir fuction regimen. Comparison of the various modes of evaluation of
data demonsirate that the most conclusive and less biased result was obtained when the

number of counts based on individual rather than pooled pre-exposure data were evaluated.
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Figure 9: Elicitation of respiratory allergy by TDI- and HDI- GPSA conjugate (# of counts < 25 considered
to be not signiticantly different from controls, group assignment see box)

Conjugate Challenge
Evaluation of RR

Magnitude of Response

8.4. Necropsy and Histopathology

Gross pathological ¢xaminations showed roughly the same incidence of macroscopically

apparent lung changes in all guinea pigs of this study. A list of the individual findings is
included in the Appendix. Histopathological findings obtairad in individual animals are
itemized in Table 4. All findings are included in the respective Appendix.
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From Table 4 it is evident that most characteristic findings related to the induction by
inhalation is bronchiolitis. The influx of eosinophils into the main bronchi and LALN is taken
as indirect evidence that TDI and HDI induced respiratory allergy.

Table 4: Summary of histopathological findings

Lymphoid |EOSin |EOS in

hyperplasia | Bronchi | LALN
1 vehicle 0/7 1/7 0/7
2 id - HDI 1/6 6/6** 5/6**
3

(target concentrat:on)

Regimen ]
;
|
|

il id + ih - HDI 2/8 3/8 5/8%*
4 id + ih - TDI 7/8%* 8/8** | 4/8*
vehicle n.d. n.d. n.d.
id - TDI n.d. n.G. n.d.
Findings: moderate and severe comuined, slight and very slight omitted, n.d.: not
examined, * =p <0.05, ** =p < 0.01 (Fisher's exact test, unilateral)

5

4
|
2

8.5. Serciogy

As summarized in Table 5, IgG,-antibody determinations revealed high anti-hapten GPSA
conjugate antibody titers both in animals sensitized to TDI and HDI. Detai's of this assay are
reported in the ./« ppendix.

Table 5: Surumary of serological determinations

Regimen Hapten-Conjugate
(target concentration) dilution
vehicle <1:10
id - HDI 1:10°
id + ih - HDI 1:10°
id . ih - TDI 1:10°
vehicle nd.
id - TDI n.d.

1.. not determined
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9. DISCUSSION AND ASSESSMENT

Following intradermal induction, skin irritation related reactions and durinig the inhalation
induction, signs indicative of respiratory tract irritation occurred. During or following hapten-

challenges, the incidence of immediate-onset respiratory reactions were roughiy the samie in

all groups whereas during or following conjagat-challenges immediate-onset respiratory

reactions occurred in a higher incidence in: the HDI and TDI sensitized groups when
compared to the contro! groups. The comparison of hoth routes of induction demonstrate that
the incidence or magnitude of responding animals was not appreciably different when
additionzl inhalation induction exposures were made. The acetylcholine brenchoprovocation
challeng~ demonstrated that previous inhalation induction exposures to TDI, but not HDI,
evoked a conspicous nonspecific bronchial hyperreactivity. The histopath-logical investiga-
tions revealed inflammatory responses in those groups receiving inhalation induction
exposures (bronchiolitis). Independent of the route of induction, in both the HD! and TDI
groups evidence of a specific airway eosinophilia and eosinophil infiltration into lung
associated lymph nodes, a hallmark of allergic airway hyperresponsiveness, was observed.
The serological investigations revcaled a marked increasc in anti-HDI/TDI IgG-antibody

titres.

To summarize, when animals that were sensitized intraderma'ly or by inhalation and were
challenged by inhalation with the respective conjugate of the haptens coriclusive immediate-
onset responses were observed. Additional evidence of a lurg sensitizing potential was
provided by the histopathological examinations which revealed an increased eosinophilia of
airways and lung associated lymph nodes as well as production of specific IgG,-antibody.
Therefore, this study provides clear evicence that HDI and TDI are a respiratory sensitizer in
the guinea pig bioassay. It does not appear, in turn, that the combined intradermal and
inhalation induction produces synergistic effects. These findings lenc support the conclusion
that successful induction and elicitation of allergic respiratory hypersensitivity can be
achieved either by intradermal and by inhalation induction exposures. The first is easier to

standardize and less prone to experimental artifacts.
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10. KEY T3 ABBREVIATICGNS IN TABLES

Maas Median Diameter
(Geomeiric Standard Deviation
Effective cut-oif diameter
STAND, S. Std, SD Standard deviation (o)
MW/MEANS, x
BW . o immmmmnninimi e Body weight
F test value (F ratio)
Degrees of freedom
Probability
Total sum of squares
Mean squares
TREATMENT ....... RSP - Between the groups
- Within the groups

Observation-No.: n-nn  body weight gain from dates n to nn
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DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DIISOCYANATE

Characterization of Induction and Challenge Atmospheres

Nominal concentration - induction by inhalation

Date HDI TDI
Concentration Concentration
(mg/m?) (mg/m?)
13.11.1995 55.56 R4.36
14.11.1995 36.11 84 35
15.11.1995 36.11 78.53
16.11.1995 33.33 69.81
16 11.1995 33.33 63.99

Mean + STD 38.9+9.4 72,2+ 9.1
FE.DI{: Day 0 Mean: 55.6, Day i-4 Mean: 34.7




BAYER AG | T3060304
DEPARTMENT OF TOXICOLOGY  1.6-HEXAMETHYLENE DISOCYANATE

HDI induction by inhalation
Date “Conceniration | Temperature Relative Humidity
- (mg/m?) (°C) (%)
13.11.1995 | 3780 - 41 39 - 41 81 22.5 27
14.11.1995 | 2104 - 24 85 - 2539 22.6 15
15.11.1995 1944 - 724 08 - 2699 22.4 11
16 11.1995 2120 -24 54 -2722 225 15
1611 1995 | 2242 - 25.1 1-2701 22.2 18
Mean + STD | 27.4 +7.1 22.4 - 0.2 1746

HDI: Day 0 Mean + STD: 403 =22, Day 1-4 Mean: 24.1 £26

TDI ‘nduction by inhalation

Date Concentration Temperature Relative Humidity
(mg/m?) O (%)
13.11.1995 | 50.75 - 54.29 - 54.24 218 28
14.11.1995 | 52.94 - 54.69 - 54.82 22.5 15
1511.1995 | 47.68 - 50.41 - 50.47 223
1€ 11.1995 | 46.01 - 48.80 - 49.94 22.4
16.11.1995 | 51.02-52.10-52.10 22.4

Mean +STD |  51.4+2.6 223403
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Mounitoring of ACh-challenge atmospheres (example)
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BAYER AG 13060304
DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DIISOCYANATE

Particle-size determinations / ACh-challenge atmospheres

Challenge one day before hagten challenge

Group ACn (%)  Equip- MMAD  NMAD GSD
- ment (pm) (pm)

i 01 TSI 0.88 0.69 1.34

0.2 TSt 0.86 0.66 1.34

0.4 TSI 0.96 0.67 1.41

0.8 TSI 1.02 0.66 1.46

0.1 TSI 0.87 0.67 L35
0.2 TSI 0.90 0.66 1.38
04 TSI 0.93 0.67 1.43
08 omitted

0.1 Aok
0.2 TSI
G.4 TSI
0.8 TSI

0.1 TSI

2 TSl
0.4 TSI
0.8 TSI
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DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DIISOCYANATE

Particle-size determinations / ACh-challeng ¢ atmospheres

Challenge one day after hapten challenge

Group  ACh (%) Equip- MMAD  NMAD GSD % <3pum mg/m’
ment (pm) (pm) air
! 0.1 TSI 0.84 0.64 1.35 100 9.1
02 TSI 0.86 0.64 1.37 100 12.0
0.4 TSI 0.92 0.64 1.42 100 21.2
0.8 TSI 1.06 0.63 1.52 100 46.9

0.1 T 0,79 0.64 1.30 100 6.0
0.2 TSi 0.84 0.64 1.35 100 10.8
04 TSI 0.95 0.64 1.43 100 23.3
08 TSI 1.00 066 1.45 100 39.1

01 TSI 0.79 0.61 .34 100 4.8
0.2 TSI 0.84 0.63 1.37 100 8.9
c4 TSI 0.93 0.64 1.42 100 20.3

TSI 1.05 0.66 1.48 100 447

TSI 0.75 0.61 1.30 100 4.0
TSI 0.32 063 1.35 100 8.6
TSI 0.94 0.64 1.43 100 23.8
TSI 1.01 0.66 1.46 100 39.0




BAYER AG T3060304
DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DIISCZYANATE

Particle analyses (exampies)

Particle-size determinations / ACh-challenge atmosphere - 0.1%

ST AERODVYNAMIC PARTICLE
Acetylcholin/T3060304 Oz
SAMPLE ¢ 1 DATE: 06.12,1995 SAMPLE TIME: 30 SEC DENSTITY
DIL. RATIO: 100 =1 EFFIC. CORFECT.: D100 FILENAME: ace0612.004
TIAEY 211512 OPEFATOR: Eidm
LAST CALIERATIOK: 09-14-1965 SN 152

NUMBER _CONC US PARTICLE_SIZE
EXP= 2 €. T.= 38

IMWICZ

2 s ' 16 ' 3@

! IIIII.‘
3.5 1
RERODYNAMIC DIAMETER (MICROMETERS)

CUMULATIVE DISTRIBUTION

14

1. lI | 1} ' LN . |
.5 1 2 S 3
AERODYNAMIC DIAMETER (MICROMEZTERS)

NUMBER MEDIAN DI (NMAD): 0.1 um
MASS MEDIAN DIAMETER (MMAD) ¢ 0.75 i
GSD 3 1.30

MASS FRACTION < 3 um ¢ 100 PERCENT
PARTICLES PER cm? 8 4505.1
CONCENTRATION (COMPUTED) H 4.0 ng/m?




BAYER AG T30603C4

DEPARTMENT OF TOXICOLOGY  !,6-HEXAMETHYLENE DIISOCYANATE

. . a/
Particle-size determinations / ACh-challenge atmosphere - 0.2%

TSI AERODYNAMIC PARTICLE SIZER
Acetylcholin/T3060304 0.2 %ig
SAMPLE # 1 DATE: 06.12.1995 SAMPLE TIME: 30 SEC DENSITY: 1
DIL. RATIO: 3OO 51 EFRLC. CORRECT . D100 FILENAME: ace0612.005
TIME: 11226 OPERATOR: Eidm
LAST CALIBRATION: 09-14-19¢5 SN 152

NUMBER _CONC US PARTICLE_ S£I2ZE
EXP= 3 €S.T.= 34

IEWISZ

! IIllll. ;
Q.5 1 2 S 19 39
AERODYNAMIC DIAMETER (MICROMETERS)

CUMULAYIVE DISTRIBUTION

1 o ) 7 SN T B g 1 ‘ 0
3.5 1 S 18 3
tERODYNAMIC DIAMETER (MICROMETERS)

NUMBEER MEDIAN DIAMETER (NMaD): 0.63 um
MASS MEDIAN DIAMETER (MMAD): 0.82 um

CSD

MASS FRACTION < 3 um
PARTICLES PER cm?
CONCENTFRATION (COMPUTED)
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Particle-size determinations / ACh-challenge atmosphere - 0.4%

TSI AERODYNAMIC PARTICLE SIZER
2cetylcholin/T3060304 0.4 %ig
SAMPLE # 1 DATE: 06.12.1995 SAMPLE TIME: 30 SEC DENSITY: 1
DIL. RATIO: 100 :1 EFFIC. CORRECT.: D100 FILENAME: ace0612.006
TIME: 11:43 OPERATOR: Eidm

LAST CALIBRATION: 09-14-1995 SN 152

NUMBER CONC US PARTICLE S (ZEXK
EXP= 3 S§.T.= 33

brlolk (v 4
3]

ll

;
i! IIIIII---

16 0 1y T S A S v

Q.5 i 2 5 1c 33
AERODYNAMIC DIAMETER (MICROMETERS)

)

CUMULATIVE DISTRIBUTION

=ZEOX

AERODYNAMIC DIAMETER (MICROMETERS)

NUMBER MEDIAN DIAMETER (NMAD): 0.64 um
MASS MEDIAN DIAMETER (MMAD): 0.94 um
GSD ¥ Xe43

MASS FRACTION < 3 um : 100 PERCENT
PARTICLES PER cm? y 19748.0
CONCENTRATION (COMPUTED) : 23.8 mg,/m>
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T3060304

DEPARTM' 1 OF TOXiCOLOGY  1,6-HEXAMETHYLENE DIISOCYANATE__

Particle-size determinations / ACh-challenge atmosphere - 0.8%

SAMPLE # 1
DIL. RATIO:
TIME: 115255

TSI AERODYNAMIC PARTICLE
Acetylcholin/T3060304 O.
DATE: 06.12.1995 SAMPLE TIME:

100 :1 EFFIC. CORRECT.: D100
CPERATOR: Eidn

LAST CALIBRATION: 09-14-1995 SN 152

IHHXCZ

HZEOTEY

SIZER
8 %ig

30 SEC DENSITY: 1
FILLNAME: ace0612.007

UMBER_CONC US PARTICLE_SIZE
= 3 €.T.= 30

XP

| |
,l i
Jl 2 III“II..

8.5 1 2 5 16 ' 3@
AERODYNAMIC DIAMETER (MICROMETERS)

CUMUILATIUVUE DISTRIEBUT

ICN

99

20
703
5a
36

-
10

1

B, = 'i1a
AFRODYMNAMIC DIAMETER (M

NUMBER MEDIAN DIAMETER (NMAD):
MASS MEDIAN DIAMETER (MMAD) :
GSD :

MASS FPACTION < 3 um

%
ICROMETERS)

um
Jm

100 PERCENT

PARTICLES PER cm?® ¥ 272975

ZTONCENTRATION (COMPUTED)

392:0 mg/m®
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Characterization ¢f hapten and conjugate challenge atmospneres

Group HDI TDI Conjugate
Concentration Concentration Concentration
(mg/in’) (mg/in?) (mg/m?)

0.493 48
(1.493 52

* 48

4 -- 0.582** 52

Mean 0.5 0.6 50

*) Incorrect sampling probe, value were measured again approximately one month later
without animals yielded lower concentrations despite duplicated expesure technology (0.093
and 0.112 mg/m® air). Since no plausibie explanation for this discrepancy

**) Incorrect sampling probe, value were measured agian approximately one month later
without animals

-- = pot applicable




BAYER AG T3060304
DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DISOCYANATE

Particle-size distribution - HDI Conjugate

ANALTYSIS OF PARTICLE DISTRIBUTIONS

Type of investigation: Acute Inhalation - Aerosol
Compound: HDI-Konjugat

Date of exposure: 30.10.95 Study-no.: T3060304
Concentration: 30.0 ag/m’® air

Cut-Cff
dlameter

ass Medlan Aerodynamic Diazmeter (MMAD):
Geometric standard deviaticn:

Number Median Aercdynamic Diametexr (NMAD): .548
Surface2 Medlan Aercdyr.amic Diameter (SMAD): 1.08

System: BERNER~IMPACTOR I

Alr flow: 5.86 1liter/min.
Sampling time: 6:.0.09 seconds
Concentration (computed): 43.8 mg per m? air

Respirability (% < 3 um):
l. Mass related: 88 % (measured)
2. Number related: 100 % (extrapolated)

EFFECTIVE CUT-OFF DIAMETER (ECD): The calculation of the

cumulative distribution is based on the ““ffective Cut-0ff
Diameter’.
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DEPARTMENT OF TOXICOLOGY  1.6-HEXAMETHYLENE DIISOCYANATE

Acute Inhalation - Aerosol St.-no.: T3060304

HDI-Konjugat
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DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DIISOCYANATE

Particle-size aistribution - TDI Conjugate

ANALYSIS OI' PARTICLE DISTRIBUTIONS

Type of investigation: Acute Inhalation - Aerosol
Compound: TDI-Konjugat

Date of exposure: 11.12.95 Study-no.: T3060304
Concentration: 30.0 mg/m® air

Impactor Cut-0s5rf
stage diameter

Median Aerodyneinic Diameter (MMAD):
Geometric standurd deviation:

Number Median Aerodynamic Diameter (NMAD):
Surface Medlian Aerodynamic Diameter (SMAD): 1.21 um

System: BERNER-IMPACTOR I

Air flow: 5.86 liter/min.
Sampling time: 600.00 seconds
Concentration (computed): 36.7 mg per m? air

Respirability (% <€ 3 um):
1. Mass related: 80 % (measured)
2. Number related: 100 % (extrapclated)

EFFECTIVE CUT-OFF DIAMETER (ECD): The calculation of the
cumulative distribution is bpased on the ‘Effective Cut-Off
Diameter’.
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DEPARTMENT OF TOXICOLOGY  1,6-HEXAMETHYLENE DISOCYANATE

Acute Inhalatinon - Aerosol St..-no.: 3060304

4.2 T1DI-Konjugat

AMAD= 1.78
6SD = 4.&7
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Characterization of Challenge Atmospheres

Characterization of hapten and conjugate challenge atmospheres

Group TDI TDI-Conjugate
Concentration Concentration
(mg/m?) (mg/m?)
0.06 43
0.042 43
~0.05 43
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Monitoring of ACh-challeage aimospheres (example)
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BAYER AG 13060700
DEPARTMENT OF TOXICOLOGY TD!

Particle-size determinaiions / ACh-challeuge atmospheres

Challenge une day before hapten challenge

_Gmup ACh (%)  Equip- MMAD  NMAD GSD % <3pum mg/m’
ment (pm) (pm) air
01 Tai 0.76 0.62 1.29 100 34
0.2 TSi 083 0.64 135 100 8.9

0.4 TSI 093 065 141 100 19:7

08 omitted

01 TSI
02 TSI
04 TSI
08 TSI

Challenge one day after hapten challenge

Group  ACh (%)  Equip- MMAD  NMAD
~_ment (pm) (pm)
TSI 0.76 0.64
TSI 0.83 0.65
TSI 0.91 0.67
TSl 0.97 0.68

TSI 0.74 0.63
TSI 0.82 0.65
TSI 0.88 0.66
TSI 0.97 0.67
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DEPARTMENT OF TOXICOLOGY

Particle anulyses {(examples)

Particle-size determinations / ACh-challenge atmospheie - 0.1%

TSI AERODYNAMIC PARTICLE STIZER

Acetylcholin/T3060700 0.1 %ig
SAMPLE # 1
DIL. RATIO:
TIME: 092:19

DATE: 28,02.1996
100 EEFICH
OPERATCOR: SPRU

SAMPLE TIME:
CORRECT.: D100

30

SEC DENSTTY': 1
FILENAME: ace_2302.000

LAST CALIBRATION: O%=14=1995 SN 152

ER_CONC US PARTICLE SIZE
2 S.Te= 30

1

pelulisk {4
')

Y
l Illll-
o

Q.5 i = i 5

: 10 3@

AERODYNAMIC DIf METER (MICROMETERS)

CUMULATIVE DISTRIBUTION

= ZmOImY

163

e e : T e
8.5 1 S 19 34

AERODYNAMIC DIAMETER (MICROMETERS)

NUMBER MEDIAN DIAMETER

(NMAD) :
MASS MEDIAN DIAMETER (MMAD) :

GSD

MAS5S FRACTION < 3 um
PARTICLES PER cm?
CONCE!TKRATION {COMPUTED)

053 am
Q.75 um
131

100 PERCENT
5375.0
3.7 mg/m?
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T3060700
TDI
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Particle-size determinations / ACh-challenge atmosphere - 0.2%

TS1 AERODYNAMIC PARTICLE SIZER
Acetylcholin/T3060700 0.2 %ig
SAMPLE # 1 DATE: 28.02.1996 SAMPLE TIME: 30 SEC
DIL. RATIO: 100 21
TIME: 09:37 OPERATCR: SPRU
LAST CALIBRATICN: 09-14-199% SN 152

MBE]FR CONC US PARTICLE S1ZE
P= 3 ST = 30

= e

poleileck d=rd
-

"

il

e.s 5

Illllu-.-
i

DENSITY: 1

EFFIC. ICORRECT.% D100 FILENAME: ace_2802.002

S - ‘10 ' 30

AERODYNAMIC DIAMETEFR (MICROMZTERS)

CUMULATIVE DISTRIBUTION

P
n
R
C
E
r
T
8.5 1 2 5 ' ie | 309
AERODYNAMIC DIAMETER <(MICROMETERS)
NUMBER MEDIAN DJAMETER (NMAD): ©.64 um
MASS MEDIAN DIAMETER  (MMAD): ©.&3 um
GSD s 1.34
MASS FRACTION < 3 um : 100 PERCENT
PARTICLES PER cin® : 9629.2
CONCENTRATICN (COMPUTED) : 8.6 mg/m*
R 5 % i3 55 : I~ 4 » ———‘ ) )
> ) ;’,,} . ' N w{’:ﬁ * / \f. ,{ ‘ ‘ " Sl L
‘ \,i > a3 T i L E A bl 0 G )
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16/

Particle-sice determinations / AClk-challenge atmosphere - 0.4%

TSI AERODYNAMIC PARTICLE SIZER
Acetylcholin/T30607G0 0.4 %ig
SAMPLE # 1 DATE: 28.02.199€ SAMPLE TIME: 30 SEZ DENSTTY 1
DIL. RATIO: 100 :1 EIFIC. CORRECT.: D10OO FILEN2>?ME: ace_2802.002
TIMB: 09553 OPERATOR: SPRU

LAST CALIBRATION: 0%®-14-1995 3N 152

BER_CONC US PARTICLE_SIZE
= 3 S$.T.= 24

NUM
EXP

beloluk davrd

llhillu....- |

G.5 2 ' 5 " 'im " 3@
AERODYNAMIC DIAMETER (MICROMETERS)>

CUMULATIVE DISTRIEBUTION

HZEOxHY

X ] Yy
6.5 L

SERODYNAMIC DIAMETER (MiCROMETERS>

NUMSER MEDIAN DIAMETER (NMAD):
MASS MEDIAN DIAMETER (MMAD) :
GSD 3

MASS TRACTION < 3 um
PARTICLES PER. cm>
CONCENTRATION (COMPUTED)
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Particle-size deteriinations / ACh-challenge atmosphere - 0.8%

TSI AERCDYNAMIC PARTICLE SIZER
Acetylcholiin/T3060700 0.8 %ig
SAMPLE # 1 DATE: 28.02,1966 SAMPLE TIME: 30 SEC CENSITY: 1
DIL. RATIO: 100 <1 EPFIC. CORRECT.: D1QUL FILENAME: ace_2802.003
TIME: 10:07 OPLRATOR: SPRU
LAST CALIBRATION: 09-14-1995 SN 152
BER_CONMNTZ US PARTICLE
= 3 ST o=

NU M
EXP= 35

|L Illllll.. -

R Y "R 0 30
AERODYNAMIC DIAMETER (MICROMETXERS)D

CUMULATIVE DISTRIBUTION

=ZmOTET

AERODYNAMIC DIAMETER (MICROMETERS)D

NUMBER MEDIAN DIAMETER (NMAD): 0.66 um
MASS MEDIAN DIAMETER (MMAD): 1.02 um
GSD S T

MASS FRACTION < 3 um ¢ 100 PERCENT
PARTICLES PER cm? 3 30541.2
CONCENTRATION (COMPUTED) : 35.0 mg/m?
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Particle-size distribution - TDI Conjugate

ANALYSIS OF PARTICLE DISTRIBUTIONS

Type of investigation: Acute Inhalztion - Aerosol
Compound: TDI-Konjugat

Date of exposure: 05.03.96 Study-no.: 13060700
Concentration: 30.0 mg/m? air

Impactor Cut-0ff
stage diameter

Mass Medlan Aercdynamic Diameter (MMAD):
Geometric standard deviation:

Number Median Aerodynamic Diameter (NMAD): 421 pum
Suriface /Median Aerodynamic Dlameter (SMAD): 1.15 um

System: BERNER-IMPACTOR I

Adr flow: 5.65 liter/min.
Samplivug time: 600.00 seconds
Concentration (computed): 34.1 mg per m?® air

Respirability (% s 3 um):
l. Mass related: T4 % (measured)
2. Number related: 100 % (extrapolated)

EFFECTIVE CNT-OFF DIAMETER (ICD): The calculation of the

cumnulative distribution 15 based on the “Effective Cut-Off
Diameter”.
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o = L MMAD= 1.30
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Appendix - Analytical Characterizz{ion of Test Atmosphere

BAYER AG

DEPARTMENT OF TOXICOLOGY
FRIEDRICH-EBERT-STR. 217-333
D-42096 WUPPERTAL

DESMODUR H (HDI)

ANALYTICAL METHOD VALIDATION FOR

CONCENTRATION DETERMINATIONS IN TEST ATMOSPHERES

Analytical Report

Dr. W. Riingeler

Study-No.: T3060304

As long as the resuits contained in this report have not been publisied, they may be used only with the
consent of BAYER AG. Rzproduction of this report, in whole or in part, is not permitted.
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2. SUMMARY

An analytical methed is described that can be used to determine the concentraticn of
the test material based on Desmodur H (HDI) in test atmospheres.

The test material as a vapor is adsorbed on glass powder loaded with N-4-
Mitrobenzyl-N-n-propylamine solution (nitro reagent). The isocyanate component
reacts to form the corresponding urea derivative. After desorption with acetonitrile,
the reaction product is quantified by high-performance liquid chromatography (HPLC;
UV detaction).

Standard solutions of i . test material treated similary to test samples with the
nitro reagent were used as basis for evaluation.

With a 20 litres atmosphere sample and an end solution volume of 25 ml, the limit of
quantification for this test substance has been found to be 0.21 mg test
material/m3.
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3. INTRODUCTION

An aralytical method for the quantification of 1,6-Hexamethylenediisccyanate (HD!)
from test atmospheres was developed. The HD! was the basis of the analytical
concentration determinations. This work was conducted in preparation for

investigations on the inhaiation toxicity of this test material. The method and its vali-
dation is described in this report.

In this mathod, developed by N. Kuck and modified by ourselves, the test material as
a vapor is allowed to react with N-4-nitrcbenzyl-N-n-propylamine (nitro - _agent) to
form the corresponding urea compound (I), which is then determined by high-
oerformance liquid chromatography (HPLC) with UV detection. The test material
vapor is adscrbed from the test atmosphere in two series-connected tubes packed
with glass powder loa-ied with the nitro reagent solution. The HDI urea derivative (l)
wias then desorbed with acetonitrile and the solution was injected, after appropriate
dilution, onto the HiPLC.

tandard sc!utions of the test material treated similary to test samples with the nitro-
reagent were used as basis for evaluation.

HDIl-urea dervative {1}
CH

3

Investigations necessary for drafting the Standard Operating Procedure and performing the
analyses were conducted in September/October 1995 at the Institute of Industrial
Toxicology, Cepartment of Toxicology ¢ Eayer AG, D-42096 Wuppertal-Elberfeld, Friedrich-
Ebert-Strasse 217-333.

The study dncumentation (raw data and tinal analytical report) has been archived in
locations spe :ified by Bz 'er AG, in accordance with GLP requirements.

Study-No.: T.5060304

&
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4. MATERIALS AND METHOD

4.2. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

4.2.1. Apparatus

High performance liquid chromatograph HP{090 equipped with
- Autosampler

- DAD (diode array detector)

- Integration: HP 3365 DOS-'WorkStation/ChemSever
supplied from tewlett-Packard

4.2.2. Method

Column: L.iChrospher RP 18 5 uim; L: 125 mm; {D: 4mm; Merc.
Oven temperature: off
Mobile phase: A 50% buffer solution
B: 50% acetonitrile
gradient program: time 3 min: 50%B —> time 6 min: 85%B
buffer composition: 2 mi H,PO, + 4 ml TEA ad 1000 ml Milli-Q-water

Flow rate: 1.0 mi/rrin
Injection volume: 20.0 ul
Detector: wavelength: 275 nm

band width (BW): 4 nm

2ference: 450 nm /80 nm BW

4.3. OTHER APPARATUS

Gas measuring device (Elster)

Mini A-Pump (P) (Leylold-Heraeus)

Rotarneter (R)

Manometer (D)

Needle vilve (V)

calibrated thermometer for temperature measurement
calibrated barometer

Standard laboratory equinment and glassware

small adsorption tubes with ground-glass joints (L = 120 mm, ID = 12 mm)
Packing: each tube 4 g glass powder

small adsorption tubes with ground-glass joints (L = 65 mm, ID = 12 ram)
Packing: each tube 2 g glass powder

Gas tight syringes (25 pl; 100 !, 258G yi, 10 ml; Hainilton)

** or equivalent

(The apparatus is regulary maintained and calibrated. )
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4.4. SOLVENTS ANC CHEMICALS

Acetonitrile p.a.; Merck

Deionized water (Milli-Q-water), Millipcre uni

Dichloromethane p.A., Merck

N-4-Nitrobenzyl-N-n-propylammonium chiaride p A., Fa Ri=Je! de Haen, No. 13487
Glass powder 40/60 mesh; G. Karl, Part-No. GK 26-45004

sodium sulfate p.A., Merck

o-Phosphoric acid (85%ig); H,PO, ; Merck

Triethylamine (TEA) ; Merck

B

‘#fiww'#”“"\ :

N

I
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4.4.1. Nitro reagent solution (absorption solution)

1.6 g N-4-nitrobenzyl-N-n-propylammonium chioride (corresponding o 1.34 g free base) is dissoived in
100 mi of deionized water and 50 ml of 1 N sodium hydroxide soluticn is added. A white precipitate
(free base) is formed. The aqueous suspension is transferred into & 500 ml sepa =tinc nel and
extracted with 250 mi dichloromethane. The organic phase is separated off, dried over sc: sulifate,
transferred into a 500 ml velumetric flask, and made ug: to the mark with: dichloromethane. Ttis soliution
contains 2.7 mg nitro reagent (free base)/ml dichloromethane. The solution can ix2 used as an
absorption solution in impinger-flasks as well as for sample collection with glass powder-packed tubes,
the nitro reagent serving to load the adsorbent carrier materia..

N CH, CH, cH, 20
C 2 C
0% \ CH,/ \CH,/ \CH,/ \N¢

NO,
X H

l
N N CH, _CH, CH, 5

H 'i‘ Kl lk/j\no,

CH,

empiricai formula of the urea derivative: C,gHoNgOg

The structure of the reaction product formed from HD! and nitre reagent is shown in the above
equation. This urea derivative is analyzed in the HPLC (UV-detaction) @nd is quantified, afier
recalculation, as free HDI.

4.4.2. Calibration standards

30-50 my of the test material is pipetted into a 50 ml volumetric flask and accurately weighed. The flask
is then brought up to volume with nitro reagent solution (coriceniation: 2.7 mg/ml). Comparison
standards in the desired concentrations are prepared from this solution by dilution with
dichloromethane or acetonitrile.

6
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5. SAMPLE COLLECTION AND PREPARATICN

The surface of the glass powder in each adsorption tube is first loaded with 1 ml -t the nitro reagent
solution. The solvent is coilected and discarded. Two series-connected adsorption ubes pretreated in
the described way (A, 4g, A, 2g) are connected to the sampling apparatus (air throughput 0.5 to 1.0
I/min) (Fig. 2). The total volume of sampled air (Vy) the temperature of the gas flowmeter (Tg) the
chamber temperature (Ty) and tiie barometric pressure (P,) are recerided. Afler the end of the sample
collection adsorption tubes (A, A;) are mounted against the flow direction on a 5C mi volumeitric flask.
To desorb the urea derivative a ru.mel is fitted and 45 ml of acetonitiiie is passec slowly through the
tubes. The contents of the volumetric flask are then made up to the mark with aceionitrile. Samples ot
low concentrations (approx. <5 mg/m3) are eluted with 25 m! of acetonitrile. Solutioris are then injected
onto the HPLC after appropriate dilution.

Figure 2: Sample collection apparatus
O
Py -

D
_CT - F‘j

\Y P G

Inralation chamber Needle valve

Adsorption wibe; packing: 4 q gluss powder Pump

Adsorption ti:be; packing 2 g glass powdaer Temperature of Gas flow meter
condenser (optional) Tempezrature of chamber
Rotameter Barometric pressure

Mancmeter Gas fiow meter
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6. CALIBRATION OF THE ANALYTICAL METHOD

To set up the calibration series, test material solutions in nitro reagent solution were prepared with
appropriate concentrations (see 4.4.2.). Method-specific adjustments were made on the HPLC and
20.0 ul of each calibration concentration was injected for preparation of the calibrauon curve.

Measurement wavelength: 275 nm (see the UV spectrum, Fig. 3)

Fig. 4 shows a typical chromatogram of these external calibration solutions. A statisticaily evaluated
calibration curve is shovn in Fig. 5. This curve was plotted by the integrator and was based upon the
injected concentratiors. The calibration cuive was plotted anew for each analysis sequence, and
deviations from this calibration range were therefore possible. Ail sample concentrations are always
within the calibration range documented for each sample sequence. The quantitative evaiuation was
performed by determination and coraparing the peak area of HDi urea derivative of the analytical
solution with the peak areas of the external standard solutions.

Retention time:  2,4-HDI urea derivative about 6.5 min  conc. range: 0.492 to 98.4 pg/mi

Figure 3: UV spectra of the HDI urea derivative

DADT, 6.54) (1649 mAUAg) o TEST.D _—1

mAU

1600 A
1400 4

Desmodrr H (HDI);, T3060304; Std 28.8 pg/ml
1200 -
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rigure 4. typical LC-chromatogram of the test substance urea derivative (calibration standard)
test matenal concentration: 28.8 ug/ml
PADT A, bige178.4 Reledld 5 of TESRTESTD

mAY
oy o

=t Dasmodur H (HDI); T3060304; Std 28.8 pghnl; 275nm:;
000 4

. -
4 '!

‘ |
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Figure 5. Calibration curve of the analyticai method  date: Aug. 23, 1595
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The calibration is linear in the ranges shown. The linear regression value is 2 = 0.99998.




BAYER AG

T3060304
DEPARTMENT OF TOXICOLOGY

DESMODUR H

7. CALCULATION OF THE ANALYTICAL RESULTS

Each sample within a sequence was injected twice. Since the sample and standard are treated
identically, the concentration results do not need to be recalculated. The iniegrator evaluates each
sample basec on the plotted externai standard calibration curve (see section6.). The results are
expressed in units of ug test material/ml solution

The test matierial concentration in the test atmosphere is determined from the relationship:
X*F,(273+Tg)

mg test material/m? air =
. VX (273 o TK)

ditution factor (= 25/50 for undiluted analytical soluticn)
[ng/mi] test materia! concentration in the analytical solution

in chamber atmosphere collected volume

[°C] temperature of the gas flowmeter

[°C] temperature »f the inhalation chamber

8. STABILITY

The stability of Desmodur H in acetonitrile/dichloromethane was checked at room temperature ove: a
period of 9 days.All solutions tested were found t be stable. No decrease n concentration was
observed. The chromatographic sample preparation (elution of test material from glass powder,
dilution, and injection) all are inducted during the tested time frames.

9. PRECISION

The precision of this analyticai method was assessed by 10 separate injections for each of two relevant
concentrations of the calibration standards. The area values obtained are presented in table * The

precision of this method wes found to satisfy the analytical requirements.
Table 1

0492 [ug/mi] | 98.400 [ug/mi] |
0.585 99194 |
0.593 98 673
0.569 97 486
0.605 98.911
0.612 §7 468
0.558 98.734
0572 97 057
0.593 98.434
0583 98 246
0577 97 662
MEAN = 0.585 |MEAN = 98.187
ey =28% Cy = 0.7%

]
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10. RECOVERY

The recovery was not specifically tested. The analytica! results were comparad with the parametric
measurements in the actual study and were found to be consistent.

11. DETECTION LIMIT

The lowest detection limit of this analytical methad is 0.492 pg test material/mi in acetonitrile. With a
sample collection volume of 60 litres and an end dilution volume of 25 ml, a concentration of 0.2% mg
HDI/m3 can be accurately determined.

12. LITERATURE

K.L. DUNLAP, R.L.SANDRIDGE. J.KELLER
Anal. Chem. 1976, 48, S. 497

R.L.SANDRIDGE, J.KELLER
Anal. Chem. 1979, 51, S. 185¢

ACGIH (American Conference ot Governmental Industriai Hygienists)

Air E2mpling instrumerts for Evaluation of Atmospheric Contaminants,
5th Edition, ACGiH (1978)

ChemG
Bundesaunzeiger 42a van 2.Marz 1983 und Bundesgesetzblatt, Teil | vom 22 Mirz 1990
Grundsaize der Guten !.aborpraxis, Seite 539-547.

End of Repaort
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Appendix - Analytical Characterization of Test Atmosphere

BAYER AG

DEPARTMENT OF TOXICOLOGY
FRIEDRICH-EBERT-5TR. 217-333
D-42096 WUPPERTAL

CESMODUR T80 (TDI)

ANALYTICAL METHOD VALIDATION FOR

CONCENTRATION DETERMINATIONS iN TEST ATMOSFHERES

Analytical Report

Or. W. Riingeler

Study-No.: T3060700

As long as the results contained in this report have not been pubhsh_e—c, they .'na,fbe used only with the
consent of BAYER AG. Reproduction of this report, in whole or in part, 1s not permitted

73060700 DCC page 1 of 12
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2. SUMMARY

An analytical method is described that can be used to determine the concentration of
the test materia! based on 2,4-7Dl in test atmospheres.

The test material as a vapor is adsorbed on glass powder loaded with N-4-
Nitrobenzy!-N-n-propylamine solution (nitro reagent). The isocyanate component
reacts to form the corresponding urea derivative. After desorption with acetonitrile,
the reaction: prociuct is quantified by high-perforrnance liquid chromatography (HPLC;
UV detection).

Standard soiutions of the test material treated simila;y to test samples with the
nitro reagent were used as basis for evaluation.

With a 52 litres atmosphere sample and an end solutior: volume of 25 ml, the limit of
quantification for this test substance has been found to be 0.35mg test
material/m3.

For content checks in application nedia the test material is piaced in a soiution of N-
4-Nitrobenzy!-N-n-propylamine solution (nitro reagent). The: isocyanate cornponent
reacts to form the corresponding urea derivative. After dilution with acetonitrile, the
reaction product is quantified by high-performance liquid chromatography (HPLC; UV
detection).

Standard soiutions of the test material treated similary to test camples witl: the
nitro reagent were used as basis for evaluation.

The limit of quantification for this test substance has been fourd to be £4.8 yg test
material/ml acetonitrile.
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3. INTRODUCTION

An analytical method for the quantification of 2,4-Toluenediisocyanate from test
atmospheres was developed. The TDI was the basis of the analytical concentration
determinations. This work was conducted in preparaiion for irvestigations on the
inhalation toxicity of this test material. The method and its validation is described in
this report.

In this method, developed by N. Kuck end modified by ourselves, the test material as
a vapor is allowed to react with N-4-nitrobenzyl-N-n-propylamine (nitro reagent) to
form the corresponding urea compound (), which is then determined by high-
performance liquid chromatography (HPLC) with UV detection. The test material
vapor is 2dsorbed from the test atmosphere in two series-connected tubes packed
with glass powder loaded with the nitro reagent solution. The TDI urea derivative (1)
was then descrbed with acetonitiile and the solution was injected, after appropriate
dilution, onto the HPLC.

Standard solutions of the test ma.erial {reated similary to test sampies wiih the nitro-
reagent were used as basis for evaluation.

TDl-urea derivative {i}.

Investigations necessary for drafting the Standard Operating Procedure and performing the
anaiyses were conducted in Januarvi~ebruary 1996 at the Institute of Industrial Toxicology,
Department of Toxicologv ¢ Baye: AG, 0-42096 Wuppertai-Elberfeld, Friedrich-Ebert-
Strasse 217-333.

The study documentation (raw data and final analytical report) has beer archived in
locations specified by Bayer AG, in accordance with GLP requiremenits.

Study-No.: T3060700

The analytical method validation (HPLC) was preserted iii study no. T1060636.
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‘ 4. 1dATERIALS AND METHOD
z
G 4.2. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
}: 4.2.1. Apparatus
: High performance liquid chromatograph HP1090 equipped with e
- Autosampler
: - DAD (diode array detector)
! - Inteqgration: HP 3365 DOS-WorkStation/ChemSe:ver -
\f supplied from Hewlett-Packard
‘ 4.2.2. Method
Column: LiChrospher RP 18 5um; L: 125 mm; ID: 4mm; Merck i
Oven temperature: off
Mobile phase: A 50% huffer solution
8: 50% acetonitrile
gradient program: time 2 min: 50%B --> time & min: 85%B
bufter compositicn: 2 ml HaPQ, + 4 ml TEA ad 1000 m! \iilli-Q-water
gradient program: time 2.0 —-> %B = 50
time 6.0 --> %B = 85
Flow rate: 1.0 ml/min
Injection volume: 25.0 pl
Detector: wavelerigth: 275 nm
band width (BW): 4 nm
reference: 450 nm / 80 nm BW i

4.3. OTHER APPARATUS

Gas meastiring device (Elster)
Mini A-Pr'mp (P) (Leybold-Herdeus) b
Rotameter (R) B
Manometer (D)

Needle valve (V)

calibrated thermometer for temperature measurement
calibrated barometer

Standard laboratory equipment and glassware

LA

iR small adsorption tubes with ground-glass joints (L = 120 mm, ID = 12 mm)
Packing: each tube 4 g glass powder

smail acsorption tubes with ground-glass joints (L = 65 mm, ID = 12 mm)
Packing: each tube 2 g glass powder

G,

Gas tight syringes (25 pl; 10C gl; 250 pl; 10 il ; Hamilton) =
** or equivalent
(The apparatus is regulary maintained and calibrated.)

N
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4.4. SOLVENTS AND CHEMICALS

Acetonitrile p.a.; Merck

Deionized wat2r (Milli-Q-water), Millipore unit

Dichloromethane p.A., Merck

N-4-Nitrobenzyl-N-n-nropylammonium chloride p.A., Fa. Riedel de Haen, No. 33487
Glass powder 40/60 mesh: ~. Karl, Part-No. GK 26-48004

sodium sulfate p.A., Merc?

o-Phosphoric acid (85%ig), 1-P0D, ; Merck

Triethylamine (TEA) ; Merck

4.4 1. Nitro reagent solution (absorption solution)

1.6 g t4-4-nitrobenzyl-N-n-propylammonium chloride (corresponding tc 1.34 g (ree base) is dissolved in
100 m! of deionized water and 50 ml of 1 N sodium hydroxide solution is auded. A white precipitate
(free base) is formed. The aqueous suspension is transferred intc @ 500 ml separating funnei and
extracted with 250 mi dichloromethane. The organic phase is separated off, dried over sodium sutlfate,
transferred into a 500 ml volumetric flask, and made up to the mark with: dichioromethane This solution
contains 2.7 ing nitro reagent (free base)/ml dichloromethane. The solution can be used as un
absorption solution in impinger-flasks as well as for sample collection with glass powder-packed tubes,
the nitro reagent serving to load tiwe adsorbent carrier inaterial.

CH
: c>

N~

empirical formula of the urea derivative: C,qH3,NgQg

The structure of the reaction product formed from TDI and nitro reagent is shown in the above
equation. This urea derivative is analyzed in the HPLC (UV-detection) and is quantified, after
recalculation, as free TDI.

4.4 2. Calibration standards

30-50 mg of the test material is pipetted info a 50 ml volumetric flask and accurately weighed. The flask
is then brought up to volume with nitr: reagent solution (concentration: 2.7 mg/ml). Comparison
standards in the desired concentrations are prepared from this solution by dilution with
dichloromethane or acetonitrile.

6
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4.4 3 Structure eiucidation of Desmodur 780 urea-derivative (1)

Desmodur T80 urea-derivative was synthesized to check the component identity ard for the
verification of the peak in the chromatograms.

Desmodur T80 is added slowly to an appropriate volurme of nitro reagent solution. After the reaction
has finished the solvent is evaporate:d and the residue of the desired product is separated and dried
overnight at 40°C. The product has a content of 98.8% (HPLC-aiea%). The spectra ( H-NMR, MS)

shown below conifirm the structure unambiguously. The structure eiucidation was performed in the: PH-
AQ-F department/Dr. Wunsche.

Figure 1a: TH-NMR spectrum (2,6-TDI)
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5. SAMPLE COLLECT!ON AND FREPARATION

The surface of the glass powder in each adsorption tube is first loaded with 1 ml of the nitro reagent
solution. The solvent is collected and discarded Two series-connected adsorption tubes pretreated in
the described way (A 4g; A, 2¢) are connected to the sampling apparatus (air throughput 0.5 to 1.0
I/min) (Fig 2). The total volume of sampled air (Vy) the temperature of the gas flowmeler (Tg) the
chamber temperature (Ty) and the barometric pressuie (P,) are recorded. Afler the end of the sample
collection adsorption tubes (A, A,) are mounted against the fiow direction ori a 50 mi volumetric flask.
To desorb the urea derivative a funnel is fitted and 45 ml of acetonitiile is passed slowly through the
tubes. The contents of the volumetric flask are then made up to the mark with acetonitrile. Samples of
low corcentration (approx. 1 mg/m3) are eluted with 25 ml of acetonitrile. Solutions are then injected
onto the HPLC after appropriate dilution

Figuie 2. Sample collection apparatus

K Irihalation chamter Needle valve

Adsorption tube; packing. 4 g glass powder Pump

= Tl S

A, Adsorption tube, packing: 2 g glass powder Temperature of Gas flow meter

KF  condenser (optional) TK Temperature of chamber
R Rotameter PA Barometric pressure
Manometer G Gas flow meter
8
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6. CALIBRATION OF THE ANALYTICAL METHOD

To set up the calibration series, test maternal so'utions. in nitro reagent solution were prepared with
appropriate concentrations (see 4.4.2.) Method-snecific adjustments were made on the HPLC and
25 0 ul of each calibration concentration was injected for preparation of th= calibration curve.

Measureinent wavelength: 275 nm (see the UV spectrum, Fig 3)

Fig 4 shows a typical chromatogram of these external calibration solutions. A statistically evaluated
calibration curve is shown in Fig. 5. This curve was plotted by the integrator and was based upon the
injected concentrations. The calibration curve was plotted anew for each analysis sequence, and
deviations from this calibration range were therefore possible. Al sample concentrations are always
within the calibration range documented for each sample sequence. The quantitative evaluation was
performed by determination and comparing the peak area of TDI urea derivative of the analytical
solution with the peak areas of the external standard solutions

Retention time:  2,4-TDI urea derivative about 6.7 min  conc. range: 0.72 1t 7.2 pg/mi

2,6-TDI urea derivative about 6.2 min not determined

Figure 3. UV spectra of the TDI urea derivative
(7TOIDY. 4788 (1141 mAUAD) of YESTD
| mALy |

\\

Figure 4 typical LC-chromatogram of the test substance (calibratiun standard)
test material concentration: 29.0 pyg/ml
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Egu_r_ej Calibration curve of the analvtical method  date: Feb 29, 1996

The calibration is linear in the range shown. The linear regression value is r2 = 1.000.

7. CALCULATION OF THE ANALYTICAL RESULTS

Each sample within a sequence was injected twice. Since the sample and standard are treated
identically, the concentration results do not need to be recalculated. The integrator evaluates each
sample based on the plotted external standard calibration curve (see section 6.). The results are
expressed in units of pg test material/ml solution.
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The tesi material concentration in the test atmosphere is determined from the relationship:

. 273 +1
mg test material/m® air = L (h ~----+~-»§)

F ditution factor (= 25/50 for undiluted analytical solution)

X test material concentration in the analytical solution
Vx chamber atmosphere ccllected volume
T
T

& temperature of the gas flowmeter

K

temperature of the inhalation chamber

8. STABILITY

The stability of Desmodur T80 in acetonitrile and dichlcromethane was checked at rootn temperature
over a period of 6 days. All solutions tested were found to be stable. No decrease in concentration was
observed. The chromatographic sample preparatiori (elution cf test material from glass powder,
dilution, and injection) all are inducted during the tested time frames.

8. PRECISION

The precision of this analytical method was assessed by 10 separate injections for each of two relevant
concentrations of the calibration standards (raw data presented in T3060304). The area values
obtained are presented in table 1. The precision of this method was found to satisfy the analytical
requirements.

Table 1

0.580 [pg/ml] 124.800 (pg/ml]
0.793 124 116
0.780 124.152
0.773 122092
0.796 123.515
0.794 122.899
0.782 121.389
0.781 122.618
0.800 123.323
0.818 123.085
0.792 124 473

MEAN =0.791 [MEAN = 123.166

Cy =1.6% Cy=0.8%
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10. RECOVERY

The recovery fiom the adsorption material glass powder was taken from study no. T2044103
Result: 93.0%.

11. DETECT!ON LIMIT

The limit of quantitation using this analytical method is 0.72 pg test material/ml in acetonitrile. Witn a
sample collection volume of 52 litres and an end dilution volume of 25 ml, a concentration of 0.35 mg
TDI/m3 can be accurately cetermined.

12. LITERATURE

K.L. DUNLAP, R.L.SANDRIDGE, J.KELLER
Anal. Chem. 1976, 48, S. 497

R.L.SANDRIDGE, J.KELLER
Anal. Chem. 1979, 51, S. 1868

W. Riingeler
Desmodur T80, Concentration Determinations in the test atmosphere (T2044103),
PH Report 22362, July 5, 1993

W. Riingeler
Analytic Study Report (T3060304)

ACGIH (American Conference of Governmental Industrial Hygienists)

Air Sampling Instruments for Evaluation of Atmospheric Contaminants,
5th Edition, ACGIH (1978)

ChemG
Bundesanzeiger 42a vom 2.Marz 1983 und Bundesgesetzblatt, Teil | vom 22.Marz 1990
Grundséatze der Guten Laborpraxis, Seite 539-547.

End of Report
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